




PLATE,IU. 

EROSION CLIFT ON THE MISSISSIPPI. 
N ca1· T remp e ale au. 



.. 

GEOLOGY 

OF 

WISCONSIN. 

SURVEY OF 187·3-1879. 

VOLUME IV. 
PART I. THE UPPER MISSISSIPPI REGION. 

II. THE LOWER ST. CROIX REGION. 
ill. DESCRIPTION OF FOSSILS. 
IV. ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 
V. QUARTZITE OF BARRON AND CHIPPEWA COUNTIES. 

VI. THE FLAMBEAU REGION. 
VII. CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 

vm. SUPERFICIAL GEOLOGY OF THE UPPER WISCONSIN VALLEY 
IX. CHARACTER AND 1\'IETHODS OF THE GEODETIC SURVEY. 

ACCOMP .ANIED BY AN 

ATLAS OF MAPS. 

PUBLISHED UNDER THE DIRECTION OF Tmll 

CHIEF GEOLOGIST, 
BY 

THE COMMISSIONERS OF PUBLIC PRINTING, 
IN ACCORDANCE WITH LEGISLATIVE ENACTMENT. 

1882. 



DAVID ATWOOD, MADISON, 

STEREOTYPER AND PRINTER. 

'• 

SEIFERT, GuGLER & co., 1\IILwAcKEE, 
LITHOGRAPHERS. 



To His Excellency the Ron. J. M. RusK, 

Governor of Wi8consin: 

SIR-It is with pleasure that I present herewith the fourth volume 

of the final report of the Geological Survey of Wisconsin. 

Most respectfully, 

Your obedient servant, 

T. 0. CIIAMBERLIN, 

BELOIT, June 5, 1882. 
0 l"i~f Geologist. 



1 

1 
. ,. 1 

1 

1 

1 

1 

1 

'1 

1 

1 

. 1 

1 

1 

1 
. 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

A 1 

1 

1 

1 

1 

. 1 

1 

1 

1 



PREFACE. 

IN the preface of the preceding volumes, sufficient explanation ha.s 
been made of. most matters requiring consideration in such connec­
tion. .For reasons explained in the preface of Vol. III, and for 
others that have arisen since, the earlier portions of this volume have 
rested in type, awaiting the completion of the remainder, for a length 
of time much to be regretted. Consideration of this fact is due to 
the authors of Parts I, II and III. 

The atlas accompanying this volume includes, besides those relating 
to its subject matter,' the general maps that more properly belong' 
with VoL I, with which no atlas will he issued. They are here in­
cluded for economy and convenience of distribution. The maps 
accompanying Vols. II, III and IV are intended to be combined to 
form a single atlas. If bound in folio, as planned, it will.be reduced 
to a convenient size. 

The leading contributors to the volume are the late Moses Strong, 
whose posthumous manuscript forms Part I; Prof. L. C. Wooster, 
who prepared Part II; Prof. R. P. Whitfield, who contributed the 
palreonto1ogy, forming Part III; Prof. F. H. King, who prepared 
Part VI;. Prof. R. D. Irving, the author of Part VII; Dr. J. E. 
Davies, who gratuitously fiunished Part IX, and the writer, who 
prepared Parts IV, V and VIII. 

Besides these leading contribntions, acknowledgments are due Prof. 
I. M~ Buell, who rendered much valuable assistance in the work pre­
liininary to the preparation of Part IV, in the di.stribution of speci­
mens, the preparation of the index, and in other ways; to ·Mr. A. 
C. Clark, for field observations that form in part the Lasis of 

.. Parts VII and VIII; to Mr. J. Wilson, who prepared the crevice 
maps of the atlas; to Mr. C. R. Vanhise for microscopical work, else­
where acknowledged; and to Mr. R. D. Salisbury for assistance in 
reading proof and preparing index. 
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Especial attention is called to the gratuitous/ contribution of Dt·. 
Davies, which, though brief, repr,esents work. of much ultimate im­
portance to the state. The prosecution of the geodetic survey in our 
state at this time and under its present efficient m~nagement, is due 
to the existence of the geological survey, and to the request' of its 
first director, the late Dr. Lapham. With the relative cheapness of 
land that has prevailed in the past, our people have been, naturally 
enough, comparatively indifferent with regard to exact surveys; but 
with the growing appreciation of real estate, the precise determina­
tion of salient _points, which may be made the basis of an exact 
system of land surveys, will come to have a value, not now, p.erhaps, 
adequately realized. 

T. C. C. 
BELOIT. June 6, 1882 
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INTRODUCTION~ 

. . 
The following report comprises the results of the examinations of 

the geological survey which were made by me during the years 
1873-7 4-75-76, in the western part of the state, north of the Wiscon­
sin river, the portion to the south having been already reported upon. 
Before en.te1·ing on the geological portion of the report, I wish to pre~ 
sent a brief synopsis of the examinations of the several years, and of 
the conditions under which they were made. 

Examinations of 1873. Acting under the instructions of the 
late Dr. I. A. Lapham, then chief geologist, towns 9, 10, 11, 12 and 
13, of ranges 2 and 3 east, were examined. They comprise the east­
ern range of Richland county and the western range of Sank county. 
Only a short time was devoted to this territory, as the greater part of 
the season was consumed by the examination of the country south of 

·the Wisconsin river . 
. Examinations of 1874:. In the summer of 1874, under t~e same' 

instructions, a short time was devoted to range 2 west, extending 
from the Wisconsin river, in town 9, to the north line of town 22; 
ineluding a large portion of the valley of the Kickapoo river, and 
forming a total of fourteen townships. 
Examina·t~ons of 18 7 5. The examinations of this year were con­

ducted under the instructions of Dr. 0. W. Wight, chief geologist 
during the year, and comprised the following territory: That part of 
Richland county which is contained in ranges one east and one 
west; the counties of Vernon, Monroe, La Crosse and Trempealeau, 
as far as .the north line of town 20. This includes the country which 
is bounded by the Mississippi and Wisconsin rivers, the east line of 
range one east, and the north line of town 19. · The area is equal to 
sixty one townships, or two thousand nine hundred and sixteen square 
miles. ' 
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The part of Richland county described was first examined and com­
pleted. The survey then passed into Crawford county and made all 
necessary examinations there. Ranges three and four west in Vernon 
c~unty were then finished, and the survey crossed back to the fourth 
principal meridian. Ranges one east and one west in Vernon and 
Monroe counties were then CO!npleted; and .the survey next proceed­
ed to finish Monroe comity, by examining. ranges three and four 
west. The cor-ps then proceeded to the south part of Vernon county 
not yet examined, and worked northward, completing Vernon county, 
then La Crosse~ and finally that part 9f Trempealeau county previously 
described. 

The field examinations were commenced on the first of May and 
continued during the sum.mer and fall. As the country is in manr 
places rather sparsely inhabited, it was found most convenient to 
travel· with a camping. outfit, examining. the country on horseback 
and returning to camp at niglit, making an average daily ride of 
.about twenty-five miles. In this manner we were enabled to reach all 
-parts of the country, many places being inaccessible to any four­
wheeled conveyance. The camp usually remained in each place about 
a week, and was then moved in whatever direction the progress of the 
work required. 

Examinations of 18 7 6. The examinatio~s of this y~ar; under 
the dil·ection of the present chief geologist, consisted of two periods, 
-of which the first was devoted to the sedimentary formations in the 
vicinity of the Mississippi river, embracing a tract of about twenty­
five townsllips, situated in Buffalo, Pepin and Pierce counties, extend­
ing along the river from Trempealeau to Prescott, forming an area· 
about 80 miles in length and from 10 to 15 in width. 

The second period was passed in the examination of the country 
underlaid by the copper series, of which. a description is given in a 
})receding volume. 

The following table includes. all the territory in the western part of 
. the state described in Part I of this report, and refers only to paleo­
zoic formations: 

Range 1 East, Towns 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19. 

" 2 " " 8, 9, 10, 11, 12, 13. 

" 3 " " 8, 9, 10, 11, 12, 13. 

" 1 West, " 8, 9, 10, 11, 12, '13, 14, 15, 16, 17, 18, 19. 

" 2 " 8, 9, 10; 11, 12, ·13, 14, 15, 16, 17, 18, 19. 

" 3 " " 8, 9, ·10, 11, 12, 13, 14, 15, 16, 17, 18, 19. 

" 4 " " 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,' 17, 18, l9. 

" 5 " " 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18. 

" 6 " 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18. 
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Range 7 West, Town 11, 12, 13, 1-1, .15, 16, 17, 18, 19, 20. 
" 8 " " 16, 17, 18, 19, 20. 
" 9 " " 17, 18, 19, 20. 
H 10 II " 19, 20, 21, 22, 
" 11 " " 19, 20, 21, 22, 23. 
" 12 " " 20 21 22 23 24 
" 13 " " 21: 22: 23: ' •. 
,, 14 " " 22, 23, 24, 25. 
" 15 " " 23, 24, 25. 
" . 16 " " 23, 24, 25. 
" 17 " " 24, 25, 26. 
" 18 " " 24, 25, 26. 
" 19 " " 25, 26, 27. 
" 20 " " 26, 27. 

The entire area above described comprises about 140 townships, or 
5,0±0 square miles. 

Character of tile examinations. The examinations of the sev­
eral years were conducted with as much minuteness as could be ex­
pected with reference to the great extent of territory to be explored, 
of which there is hardly a square mile that has·not been examined iu 
some locality. The territory explored during the several years is 
espccii"tlly favorable to geological exanl.ination, on account of the 
almost entire absence of glacial drift. The denudation of the country 
has presented numerous exposures of all the formations, and made 
the stndy of their strat.igraphical relations a comparatively easy task; 
and by taking advantage of these conditions, the contour lines of the 
several formations have been traced out over the entire district, and 
delineated with mnch accuracy. 

Barometrical observations. The elevations obtained from these 
observations were very unsatisfactory for two reasons: First, the 
points of known elevation were so far apart, that in the time consumed 
in traveling from one to the other (seldom less than a day, and· often 
more), irregular atmospheric changes would take place, so great as to 
render worthless nearly all intermediate observations. Second, the 
weather during the greater part of the season!:! has been so variable as 
to make all observations of little value; the fluctuation of the baron1e­
ter in a couple of hours frequently corresponding to a. difference of a 
hundred feet in elevation. Ele\'ations might have been obtained by 
the cotemporaneous observation of persons situated at different points; 
this, however, would have. consumed much time, and occupied the 
corps to the exclusion of other duties, w·hich the value of the eleva­
tions did not seem to warrant. The barometer was, therefore, chiefly 
employed to determine the dip and thickness of the strata, and to as­
sist in making geological sections. 
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CHAPTER I. 

PHYSICAL GEOGRAPHY AND SURFACE GEOLOGY. 

In this chapter it is designed to describe briefly the principal char­
acteristics of each township, with reference to the general features of 
the country, its watersheds, streams, springs, prairie, forest, soils and 
subsoils, clays, underlying formations, agricultural products and popu­
lation. It is believed that in this manner a much cleaTer and more 
correct knowledge can be obtained of the character of the country, 
than from any general remarks on the entire territory. Each range 
will also be considered separately, beginning at the south and pro­
ceeding north. Area maps II and I, of the geological atlas, should 
also be referred to .. 

RANGE ONE EAST. 

Town 9, Orion. The town is very hilly and rough except in the 
northern and eastern part, in the valleys of Ash creek and Pine river; 
well watered, containing numerous fine springs; large white oak 
timber upon the ridges. Soil often clay, quite sandy in the valleys 
and clay upon the ridges, producing good crops of winter wheat. The 
underlying formations are Potsdam sandstone and Lower Magnesian 
limestone. Of these, the Potsdam GOvers about two-thirds of the 
township. The principal village is Orion. The population is 733.1 

Town 10, Richland. The greater part of this township lies in the 
valley of Plne river, and is therefore comparatively level, except in 
the northeast part. It is well watered and timbered.. In some parts 
oE the valley the soil is sandy, in other parts clay, according as it has 
been derived from the Potsdam, or is the remains of the denudation 
of the more recent. formations. The formations are Potsdam sand-

1 Census of 1880. 
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stone and Lower Magnesian limestone; the latter covering an area of 
only about one-sixth of the township~ The principal village is Rich-
land Center. The population is 2,048. . 

Town 11, Rockbri~ge. Pine river passes through the: center of . 
this township from north to south. It is very well watered by nu­
merous small streams, among which are Fancy creek, West Fork of 
Pine river, Scott's branch and Buck creek. It is heaYily timbered , 
throughout with oak, elm, maple, basswood, and some small pine in 
th~ valley. The land is very hilly, and the ridges are very high above 
the main valley. The soil is chiefly clay, not very sandy. The for­
mations are the same as in town 10. The Potsdam covers about t\vo-

, thirds of the township. The principal village is Rockbridge. The 
population is 1,200. . 

Town 12., Henrietta. This township is very well watered by Pine 
river, Melancthon, Soule~s and Ilawkins cree}rs,-a~d by gre~t nltm­
be~s of :fine, large springs issuing from the sandstone. It is . very 
hilly and heavily timbered. The formations are Potsdam sandstone 
and I.-ower Magnesian limestone, of which the forme_r covers rather 
more- than half the township. There are no villages. The popula­
tion numbers 1,005. 

Town 13, Greenwood. The watershed or dividing ridge betw~~n· 
Pine· river and the Baraboo passes through the township in a no1;th-_ 
westerly direction from sections 36 to 18. This causes· considerable 
high, rolling land. The remainder of the town is very hilly and 
rough. It is heavily tinibered with maple, elm and basswood. The 
soil is a clay loam and produces good crops of winter wheat and other 
cereals. The formations ~re Potsdam and Lower Magnesian; the 
former· occupying two-thirds of the township. A small one of St. 
Peter's sandstone exists in the north half of section 21. There are 
no villages. Population 1,050. 

To,vn 14, Hillsboro. The town is well watered by numerous 
branches of the Baraboo river, and contains many fine springs. The 
country is rolling, but the hills are not so high or so steep as in the 
previous towns, and· the valleys are quite wide. The country is well 
settled.· The timber is chiefly white oak, and confined to the ridges. 
The formations are Potsdam and Lower· Magnesian; the latter ,is 
found only on high ridges, and its area does not exceed one-seventh 
of the whole. The principal village is Hillsboro. Population 1,218. 

The following is !t general section, showing the structure of the 
country in this and adjoining town~. It is taken at the tunnel of th~ 
Chicago and Northwestern Railway, near the corner of towns 14 and 
15, ranges 1 E. and 1 W: · -
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Feet. 
Lower Magnesian limestone on. the top of the ridge .................... 100 
Yell ow and white sandstones ................ : ....................... · 60 · 
Dolomitic and arenaceous shales...................................... 20 
Blue sandstone,. composed of sand, lime and clay in . varying parts; very 

hard when fresh, but softening on exposure.......................... 10 
Green sand ................................... ,. . . . . . . . . . . . . . . . . . . . . . 2 

· Hard and compact yellow and white sandstone to the bottom of the valleys 250 

From ridge to valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 442 

9 

. Town 15, Glendale. Watered by ~he small streams which form 
the north and south forks of the Baraboo. The ridges are high and 
roJling, and usually timbered with white oak; soil clay. The vaL 
leys are wide and frequently contain a soft, black, swampysoil, and 
are in other parts sandy. The township is sparsely settled. The 
formation is almost exclusively Potsdam; there is a s'mall area of 
Lower :Magnesian in the western part and on the ridge dividing the 
forks of the Baraboo, amounting to about four square miles. The 
principal villages are Glendale and Kendall. Population 1,401. . 

Tm~n 16, Clifton. ~'here is a high and narrow dividing ridge in 
this township, extending from section 6 south to section 30, and thence 
east to section 36. The remainder of the country is hilly and bro­
ken, sloping to the stream. The timber consists chiefly of scattering 
gt·oves of oak; and the country greatly resembles the southern part 
of the state. The soil is clay, somewhat mixed with sand; and the 
township is cultivated only in the valleys. The formations are Pots­
dam and Lower :Magnesian; the latter being confined to a narrow strip 
along the dividing ridge. Population 884. 

Town 17, Byro,n. The township has considerable high ridge land 
in the southern part, but in the central and northern parts it is low. 
and swampy, with occasional isolated hills of sandstone 150 feet high. 
It contains considerable hay meadow. There are but v.ery few inhabi­
tants in the northern part of the town. The soil in the southern part 
is clay, t.he timber white oak Thi8 township lies entirely in the Pots­
dam sandstone.. The only village is Leroy. Pqpulation 415. 

Town 18~ La Grange (in part). 'rhere are no hills or ridges in: 
the township. The ~ountry consists of tamarack swamps, cranberry 
marshes, hay m.eadows, and sandy, barren, pine flats. It is drained. 
by the north fork of the Lemonweir, and is devoid of roads and in­
habitants. The geological formation is Potsdam .. 

Town 19, New Lynn~. The ,description of town ·18 will apply 
equally well to this township. It is chiefly valuable for cranberry 
marshes. Some fine timber is also obtaine.d here. Population 140. 
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RANGE TWO EAST. 

Town· 9, Buena Vista. lhe greater part of the township is com­
prised in t~e valleys of Pine river and Bear creek; consequently it is 
situated chiefly in the Potsdam.. The Lower Magnesian is only found 
capping the hills and forming the ridges. Population, 1,075. 

Town 10, Ithaca. In this township the Potsdam occupies the 
valleys of the streams, even to their sources, but not covering more 
than one-third of the surface area. The summits of the ridges attain 
an average elevation of 500 feet above Lake Michigan. The township 
is well watered by numerous small streams and springs. Population, 

·1,110 .. 
Town 11, Willow. This township is in general heavily timbered 

and well watered, containing much good agricultural land. The 
Potsdam is confined to the valley of Willow creek and its small tribu­
taries, forming about one-fourth of the surface rock of the township. 
The strata do not rise from the Wisconsin· river northward as rap~ 
idly as the streams, consequently in town 11 the Lower Magnesian 
limestone becomes the formatio.n of the greater part of the country, 
and it is here that the head waters of most of the streams are found. 
Population, 901. 

Town 12, Westford. The ridge which divides the waters flowing 
into the Baraboo river from those of the Wisconsin passes through 
this township from section 36 to section 18. The country is heavily 
timbered, and well watered except on the ridges. The Potsdam sand­
stone covers about half of the township, in the northern and eastern 
portions, and the Lower Magnesian the remainder. Population, 1,002. 

Town 13, Woodland. This town is quite hillyoand h~avily tim­
b8red. It is well watered in the south by the west branch of the Lit­
tle B~raboo, and in the north by Plum creek. The geological forma­

tion is Potsdam. Population, 1,368. 

RANGE THREE EAST. 

Town 8, Spring Green (in part). The part of this town lying north 
of the Wisconsin river comprises about 12 sections of flat, sandy land~ 
The soil is poor and the formation is Potsdam. 

Town 9, Bear Creek. All except the southern part is rolling and 
hilly land, well watered with numerous fine springs, and heavily tim­
bered with hard wood. The settlements are chiefly confined to the 
valleys. The formations are Potsdam and Lower Magnesian in nearly 
equal parts. Population of Bear Creek, 808. 

Town 10, Bear Creek. The ridge dividing Bear creek from 
lloney creek passes through the town from sections 3 to 34. Its gen ... 
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eral elevation being about 550 feet above Lake Michigan.' · The town . 
is heavily timbered, and well watered by the tributaries of Bear creek. 
The soil iG generally very good. Formations, Potsdam and Lower 
Magnesian. 

Town 11, Washington. This town consists of very hillj ridge 
land, heavily timbered and. well watered. .The geological formation is 
Lower Magnesian, except in the valleys of the streams. The soil is 
clay. Population, ~,175. 

Town 12, Ironton. The southern and central parts of th~ town 
consist of high ridge· land, much broken by ravines, heavily timbered 
and well watered. In the northern part of the town the land isonot 
so high. The northern outcrop of the Lower Magnesian crosses this 
town in a very irregular line .. This formation covers about half of 
the town·, and the Potsdam the remainder. Population, 1,310. 

Town 13, Lavan~. This town is well watered by the Baraboo 
river and its tributaries, and contains a grea.tdeal of valley land. The 
soil is generally good, but sometimes quite sandy. 'l'he formation is 
Potsdam, with the exception of a small outlier of Lower Magnesian 
in sections 29 and 32. The principal town is Lavalle. Population 
1~364. 

RANGE ONE WEST. 

Town 9, Eagle. 'rhe stre.ams in this township are the Wisconsh1 
rive:r;- and Eagle river. The country is quite level in the valleys, but 
rolling and hilly in the western, 'northern and northwestern parts. 
The country .is well watered, and heavily timbered with elm, maple 
an·d basswood, both on the ridges and in the valleys. The soil is clay, 
and, in the valleys, nearly all under cultivation. The formations are 
Potsdam and Lower ltiagnesian; the former covering about two-thirds 
of the surface. There are no villages. Population 1,303~ 

Town 10, Dayton. The ridge dividing the Eagle and Pine rivers 
passes through the township from north to south, and about a mile 
east of the center. · This gives rise to much high rolling ridge land 
with clay soil, which is nearly all farmed. The township is well tim­
bered, with large trees, chiefly elm an~ maple. The geological forma­
tions are Potsdam, Lower Magnesian and St. Peters. The first occu-

. pies about one-third, the second somewhat less than two-thirds, and 
the St. Peters sandstone the reinainder. The St. Peters occupies iso-. 
lated areas upon the top of the dividing ridge, often of considerable 
extent; )Vhen not in place, fragments of it are often seen scatterecl 
about on the high points; it often forms quite conspicuous mounds. 
The only village is Boaz. Population of the township, 1,109. 
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Town 11,. Marshall. This town is similar in its general fe~tures, 
soil, timber, hills and streams, to tow·n 10 .. The dividing ridge be­
tween Eagle river and Fancycreek runs in a northwesterly course 
from section 34 to section 6, and is a fine farming country. The val­
leys of Fancy creek, west branch of Pine river, and, in fact, of all the 
streams in this section: of the country, are wide in proportion to the 
size of the streams. J.Jarge and beautiful springs are very numerous. 
The bottorris aftord fine farms, and have a rich, black clay-loam soil, in 
Rome places slightly sandy, but usually largely composed of vegetable 
mould "\Vith a subsoil of sand. The farms on the ridges are more 
stony, but raise better crops of wheat; they are however, lacking in 
water. The formations arc Potsdam, Lower l\iagnesian and St. Peters. 
The latter is found in large isolated areas on the highest p·arts of the 
dividing ridge. The population is 989. 
· Town 12 ,. Bloom. The -pdncipal stream is the west branch of 

Pine river and its tributaries: On the west side of the town lies the 
dividing ridge between Pine river and the Kickapoo. The country is 
similar to that of towns 10 and 11. The formations are also the same. 
'J!he -St. Peters- is confined to two large outliers on the west side of 
the town. The villages are Springvale and vVoodstock. Population, 
1,358. 

Town 13, Union. The divide between the. Kickapoo and Pine 
river runs irregularly through the town in a southwest direction, from 
section 2 t~ section 32. It is generally narrow, and much cut up with 
ravines. The soil is clay, with a subsoil of stiff, red clay containing 
many flints, and often eight or ten feet deep. The valleys· are wide, 
and settled largely. by Bohemians. The soil is sometimes sandy 
and sometimes a black and swampy clay. The township is very heav­
ily timbered with maple, elm and basswood. Good springs are nu­
merous; a very large one was seen on the southwest quarter of section 
2. The formations are Potsdam and Lower Magnesian; the area of 
each is about equal. There are no villages. The population is 741. 

Town 14:, Forest. The divide between the IGckapoo and Pine 
river runs nearly north and south from section 35 to section 1. It is 
much wider and better adapted for farming than in town 13, and is 
about all under cultivation, producing heavy crops of wheat and oats. 
The principal streams are \Varner and Billings creeks. Their valleys 
are often half a mile wide, with a rich, black soil, and are occupied by 
settlers from Bohemia and Ohio. They are heaYily timbered, chiefly 
with maple. The Potsdam ss.ndstone covers about .one-third of thE: 
country, and the Lower Magnesian the rest. The only village is Mt 
Tabor. Population of the town, 889. 



PHYSICAL GEOGRAJ;'HY AND SURF ACE GEOLOGY: 13 

· ·Town 1 5, Wellington. . · The divide before nien tioned continues 
from section 36 to section 1. · Tlu~ ridges are very hiO'h and narrow 

0 • • 

The ti~1ber now changes to large ·white oaks, and is not ·riearly so 
dense ·as in town 14, and but little elm,. maple, etc., is seen .. The val­
leys are narrow and often contain considerable pine timber. The· Eoil 
is a sandy clay. The Lower Magnesian covers about one-third of the 
township, and tlie Potsdam the remainder. N umcrous very hard and 
ferruginous blocks of sandstone were seen lying loose upon the ridges, 
which \vere· derived from the· remains of the St. Peters. Popula-
'tion 1,050. · 

· ~own 16~ lVilton.· The divide between the IGckapoo. and the 
streams running into the Lemon weir passes in an cast and west course 
from section one to section 1: It is a very high rolling ridge, from 
one-half to a mile or more in width; fine-clay soil and well cnltivated. 
The to\vn is watered by the various branches of the K.ickapoo, and 
has many fine springs. The valleys are from one-half to thrce-q narters 
of a mile wide, and well settled. The soil' is a sandy clay, derived 
from the shaly layers of ··the Potsdam. The timber in this township 

"is ratheu sparse, an·d consists of oak groves. The Potsdam covers 
about two-thirds of the to,vnship and the Lower Magnesian there- · 
mainder. The villages are \Vilton and Dorset. Population, 1,099. · 

Town 17, Ton1ah. The general slope of 'this town is from south 
to north. The timber is mostly confined to .the ridges, and consists 
of small groves of wh}.te and black oak. Considerable small, yellow 
pine grows in the northwestern part. The Potsdam covers the whole 
·of the township, with the exception of a few small spurs of Lower 
Magnesian in the southern part. The principal village is Tomah. 
Population, 2,106. 

Town 18, Lagrange (in part). About two-thirds of this town­
ship consists of tamarack swamp, cranberry marsh, and hay. meadow. 
In the south and west parts there is some farming la~d with a clay 
~oil and sm3Jl timber, chiefly oak. The swamps are drained by small, 
·sluggish streams which flow into the Lemoriweir. Formation, Pots­
aam. Poprilation, 839. ·There are no villages. 

Town 19, Lincoln (in part). There are a few sandy. ridges in sec­
tions 17, 18; 19,-20 and 29, covered with small, scattering o.ak; the 
:rest of the town consists of tamarack swamps., Formation, Potsdam 
sandstone. 

RANGE.T,VO WEST. 

Town 9; Richwoo(l. This township is very hilly; the ridge di­
viding Knapp creek and Eagle river runs north and south through 
the center of the town, and slopes off abruptly on the south to the 



14 GEOLOGY OF THE MISSI~SIPPI REGION. 

alluvial botton-is of the Wiscoilsin river. The principal streams are 
Bird and l{napp creeks, by which the town is well watered. The 
timber is very dense, consisting chiefly of maple, elm and basswood;-

·soil, clay. The formations are Potsdam and Lower Magnesian in about 
equal parts. The '{)rincipal villages are Port Andrew and Excelsior. 
Population, 1,515. 

Town 10, Akan. The divide between Knapp creek ~nd Eagle 
o river runs from section 35 to section 4. It is quite wide and rolling, 

and 'vell cultivated. The soil, timber and water are similar to town 
nine~ The formations are Potsdam, Lower Magnesian and St. Peters; 
the first covering one-third, the second nearly two-thirds, and the St. 
Peters -is found in two isolated areas comprising about 800 acres. 
There are no villages. Population, 841. 

Town 11, Sylvan. The general features of this town are high, roll. 
ing ridges \vhich slope in all directions, to the Kickapoo, Knapp creek, 
and Eagle river. The ridges are very wide, heavily timbered. soil, 
clay and well cultivated; raising large crops of winter wheat and other 
cereals. The Lower Magnesian lime·stone covers about three-fourths 
of the township·; the Potsdam is found in the valleys; and there are 
five quite large areas of St. Peters on the highest parts of the ridges. 
Population, 1,035. 

Town 12, Forest. This town is watered by the IGckapoo and 
Camp creek, and conta~ns numerous fine springs. It is very hilly and 
has many precipitous cliffs. In other respects it closely resembles 
town 11. The only village is Viola. Population, 889. 

Town 13, Stark. Very rough, hilly, and heavily timbered. Wa­
tered by the Kickapoo, Otter, Bear, Jug and Weister creeks and their 
tributaries. The settlements are mostly confined to the valleys. The 
Potsdam covers about two-thirds, and the Lower Magnesian one-third 
of the township. There is one .. village, Seeley burg. Population of 
the township, 954. 

Town 14. Whitestown. The principal stream is the Kickapoo, 
which in this tow·nship is but little settled. The best land is on the 
ridges on the western side of the township. The. soil is clay, some­
what sandy in the- valleys. The t~mber is maple, elm and basswood, 
with occasional white oak· groves on the ridges. T4e formations are 
the. same as those of town 13. The villages are Ontario and Rockton. 
Population, 830. : 

Town-15, Sllehlon. This township is rollh1g and hilly, but the hills 
are neither so steep nor so high as in the towns 13 and 14. It is well 
watered by branches of the IGckapoo. The timber is much smaller 
and more scattering than in town 14, and groves of oak timbevr are 
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more frequent. The township is sparsely· settled. The geological 
formati?ns are the same as in town 13. There are no villages. The 
population numbers 794. 

To.wn 16, Ridgeville. The dividing ridge b.etween the Kickapoo 
and Lemon weir crosses the northern part of the town, from .section 7 
to section 1. It is high, wide, and well timbered with white. oak, and 
nearly all under cultivation. It is well watered by the various small · 
branches of the IGckapoo. The Potsdam covers about one .. third of 
township, and the lower Magnesian the rest. The· population is 1,286. 

Town 17, Adrian. A. high, narrow, and broken dividing ridge be. 
tween the La Crosse and £emonweir rivers, traverses this township ir. 
regularly from section 35 to section 2. The southern and eastern parts 
of the town are quite hilly; the northern and western level, and often 
swampy, frequently containing large tracts of small burnt·pines. The 
soil is v~ry sandy, and the country· sparsely settled. Th.e formation 
is Potsdam, with the exception of three small outliers of limes.ton~. 
Population~ 715. 

Town 18, Greenfield. The divide mentioned in town 17, crosses 
this town from section 35 to section 2. The rest of the town is com­
paratively level; soil very sandy, timber black oak and small pine. The 
formation is Potsdam, with the exception of one small outlier of Lower 
Magnesian .. The only village is Tunnel City. Population, 586. 

Town 19, Lincoln (in part). The divide mentiqned in to,wns 17 and 
18 runs out in this town in a few low, sandy hills which form a range 
in the southern and central parts of- the t<?wnship .. The rest of the 
town consists o( pine barrens and tamarack swamps. The soil is very 
sandy, the tifnber small and. scattering, and but few inhabitants. 
The formation is Potsdam. Population, 775. 

RANGE THREE WEST. 

Town 8, Marietta. Very hilly n.nd rough land. The hills ar~ 
high, steep, and covered with heavy timber of maple, elm, oak, an.d 
basswood. T_he soil is sandy clay. Formations are Potsdam, Lower 
Magnesian, and St. Peters sandstone. Population, 1,037. 

Town 9, Scott. The divide between l{napp creeJ.r and the K~cka­
poo passes irregularly through the town from section 31 to s~ction 5. 
The ridge is in some places quite wide, and contains some good farm­
ing land. The town is well watered by numerous streams flowing 
from its centre in all directions. The timber is very large and d~ns~. 
The Potsda~n covers one-third o£ the townsh~p, inclu~ing all the val· 
leys, and the Lower Magnesian, the. rest, excepting a narrow belt of 
St. Peters. along the divide. Population, 1,046. 
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Town l 0, Clayton. The divide· mentioned in town 9 continues 
through town 10 from section· 32 to section 3, with numerous lateral 
spurs and ridges. The town consists chiefly of high, rolling, ridge 
land with numerous ravines running down to the streams. The soil 
is clay, and the timber very dense and large, with but little under~ 
brush; the principal trees are maple and elm. Along the crest of the 
divide in sections 3, 9, 16, 20, are some very conspicuous mounds 
formed by outliers of St. Peters sandstone. Sink holes are also of 
frequent occurrence. Water is obtained with difficulty on the ridges. 
In places wells are sun,k from 100 to 165 feet. The formations are 
the same as ii1 town 9. Population, 1 ,976. 

Town 11, Kickapoo (in part). The eastern and central parts of the 
town consist of high, wide, rolling ridges; and the western part of 
steep, rocky bluffs. The town is wate~ed by the IGckapoo pn the west 
an·d north. Fine springs are very numerous. The valley of the 
Kickapoo averages about a mile in width. The soil throughout the 

0 

township is clay, and the timber very heavy. This township is quite 
thickly populated, and is a good agricultural country. The Potsdam 

·covers about one-third of the town, the Lower Magnesian one-haJf, 
and the St. Peters one-sixth. }.1:any loose bowlders of St. Peters are 
found on the ridges where the formation cannot be found in place. 
The principal villages are Readstown and Kickapoo Center. Popula­
tion 1,233. The general section of the formation in this town, fro1n 
the ridge to the Kickapoo is as follows: 

Feet. 
St. Peters sandstone ..•........ , . . • • . . • • . . . . . . . . . • • • . . • • . . . . . . . . . • . • 50 
Lower Magn0sian limestone ....................•••• , • • • .. . . . • . • . . . . . . 150 
Potsdan1 sandstone ............•..........••..••.•••.•• , . . • • • • • • • • • • 300 

From ridge to valley, h;>tal .....••.....••••..••.•••••••.......... 500 

Town 12, Liberty. This town is very hilly, being cut up by the 
IGckapoo, west fork of the iGckapoo, and the IIarrison and Bishop 
branches. The intervening ridges are very high and steep. Settle­
ments are chiefly confined to the valleys. The west fork of the IGck­
apoo forrns a dividing line as regards the timber. On the east side 
of the stream the timber is very dense, consisting of maple, elm and 
basswood; but in the country on the west side the timber is thin and 
small, and consists chiefly of oak groves on the ridges. It is a very 
striking feature of the country. The formations are Potsdam and 
Lower Magnesian, and about equally divided. Population, 543. 

Town13, Webster. The general features of this town are similar 
to those of town 12. It is well timbered and watered. Clay beds are 
frequently met with in the valleys in the Potsdam, on the surface of 
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:~vh~ch the ~ater c_omes out in springs for long dista.nces. There is a 
great deal of handsome scenery on the west forlr of the ·Kickapoo. 
The for_mations are the same as in town 12. The principal village is 
Avalanche. The population of the town is 1,060. 

Town 14; Clint~n. The -ridge dividing the Kickapoo from the 
west fork rnns from section 34 to section 3, making considerable good 
farmin·g land in the center of the township; in otlier parts, the land 
is very broken, with steep hills and deep ravines. The soil is clay,: 
and the timber heavy. The forma;tions are Potsdam and Lower Mag-: 
nesian in· nearly equal parts. Populati(1n, 1,008. _ . 

Town 15, Jefferson. The ridge dividing tl1e Kickapoo from its 
streams which run into the La Crosse river crosses the town from 
section 30 to section 1, in a northeast course. It is wide and rolling, 
and the best pat·t of the township. The soil on the ridge is clay,-bnt 
in the valleys it is often quite sandy. The timber is small and ·sca;t­
tering, and consists chiefly of oak. The Potsdam covers about one-, 
third of the town, and the Lower Magnesian the remainder. Popu- · 
lation, 1,087. 

Town 16, \'Yells.· The divide mentioned in town 15 continnes.on 
the east side ·of this ·town, and together with a smaller ridge running 
from section 24 to section 6, forms the principal highland. These 
ridges have a clay soil, and are wide and well settled. The principal 
stream is in the Leon valley, which is from one-half to a mile and a 
half wide, with a sandy soil and a large _populatio~. The timber con­
sists of small and scattering oak. The Lower Magnesian covers about 
One-sixth of the town, and the Potsdaln sandstone the rest. N umer­
ous blocks of sandstone are found on the highest parts of the ridg_es, 
which are probably the ren1ains of the St~ Peters. Population, 658. 

Town 17, Angelo. The general features of the town are low -sandy 
ridges, small streams and very wide valleys. The principa: streams 
are the La Crosse river and the Leon. The valley of the Leon is one 
and. one-half ~iles wide, sandy soil, timb'e~ed with smnll pines and 
black oak. The valley of the La Crosse is similar to the Leon, but 
rather wider. The soil upon t~1e ridge~. con~~ins more clay, and sup­
ports a heavier growth of timber. The township is well settled in the. 
valleys. Formation, Potsdam sandstone. Population~ 469. 

Town 18, La Fayette. The central and sonth~es.tern parts of the. 
town consist of low, sandy ridges, forming a divide between the La 
Qrosse an·d Black rivers. The tim qer on them is small oak . The 
eastern and northwestern parts of the town are low ·and swampy, con­
taining pine barrens and tamarack. A fine waterf~ll wa!:l seen on the 
southwest i of section 23. The water of a small creel{ falls over a 

VoL. IV.-2 
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slanting ledge of sandstone, about ten feet high; it would make a fine 
water power.· Formation, Potsdam. 

Town 19, La Fayette. · The character of this town is similar to 
the preceding one. Sections 1, 2, 3, 4, 5, 10, 11, 12, 13,-14, 18, 19,. 
21, 25, 26, 29,. 30, 35, 36 and some parts of other sections, are flat, 
dry, pine barrens, with a very sandy soil, and no inhabitants. The rest 
of. the township consists of low hills and ridges, rising about 200 feet 
above the streams. They support a small growth of black oak, and 
the soil is better that in the valleys. The township is thinly inhab­
ited. Formation, Potsdam. Population· 402. 

RANGE FOUR \VEST . 

. Town 7, Union (in part): The part of this town which lies north 
of the "'\Visconsin river consists almost exclusively of the alluvial bot· 
toms ·of that river and the Kickapoo. It is densely timbered with 
elm, maple, basswood, butternut, etc., with a. deep, black, swampy soil. 
The hills ·which inclose the rivers are found alon.g the north line of 
the to·wn. The formations are Potsdam and I;ower Magnesian. 

Town 8, Union. There is a high ridge running in a northeasterly 
course through the town, from which the ground slopes to the Kick-· 
apoo anJ vVisconsin rivers. The country is very hilly, the ridges 
narrow a~d broken by deep ravines.. The soil is clay, and the .timber 
very large and dense. The town is well watered by the Kickapoo and 
its several branches. There are a great many large springs in the 
valley of the IGckapoo. The Potsdam covers about one-sixth of the 
town, the Lower Magnesian two-thirds, and the St. Peters sandstorie 
and Trenton limestone one-sixth. 

The general section of this town taken from the ridge to the Kick. 
apoo is: 

Feet. 

T~enton lin1estone ...•••.......•.••.. • · · • • ,; · • • • • · • • · · • : · · · · · · • · · · • • • 30 
St. Peters sandstone .••...••...........•..••.•••.....••...••....•••• 100 
Lower Magnesian limestone . • • . • . . • . • • • . • . . • • • • • • • . . • • • . . . . . . . . . . . . 1 80 
Potsdam sandstont>. ...... ·. . . . . . . . . • . . . . . . . . . . • • . . • . . . . . . . . • . . . . . . . • . 170 

Total from ridge to valley .....••.........•.......................... 480 

Town 9, Haney. A large part of the town is occupied by the 
valley of the Kickapoo, which is from one-half to a mile wide. The 
stream is about 200 feet wide, very crooked and sluggish. On each· 
side of the river the country is very hilly and thinly inhabited. The 
valley of the ICickapoo and the country to the east of it has the heavy 
timber, maple, elm, etc.; but west of the valley the hills are smooth 
and bare, many of them showing terraces of the Potsdam, and the 
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timber is white oak in groves on the tops of the ridges.· The· fori.na­
tions are, Potsdam one-third, Lower Magnesian two-thirds, and some 
ridges and monnds·of St. Peters on the eastern side. Population, 636. 

· Town 1 o; Utica (in part). The g-eneral features of this town are 
;;imilar to those of town 9. The valley of the Kickapoo is wider, more 
sandy, and less heavily timbe.red. Fine springs are very numerous. 
:Formations: Potsdam and Lower ~{agnesian in about equal parts. 

'l'own 11, Franklin (in part). This town is composed chiefly of 
high, rolling, ridge land, with a clay soil, and mostly under cnlti va­
tion. I!l the central part of the town the soil is -rather sandy, owing . 
to a long belt of St. Peters which crosse~ the town from section 4 to 
section 34. The timber consists of groves of large white oak. The 
formations are, Potsdam one-sixth, Lower :Magnesian two-thirds, and 
St. Peters sandstone one-sixth. 

Town 12, Franldin (in part). The divide between the Kickapoo 
and 'the :Mississippi passes through tlw town f1·om section 30 to sec­
tion 5. The land is high and rolling, and covered with groves of 
small timber, ebiefly black and white o.ak It is well watered by 
numerous small· streams, and is fine farming land. The soil is a 
sandy day, and mostly under ·cultivation. There are numeror!S 
~o1mds of St. Peters on the ridges. Small sink holes are also quite 
frequent. Formations: St. Peters· and Lower Magnesian in nearly 
equal riarts. Population, 1,319. . 

Town 13, Viroqua. The .divide continues from section 32 to sec .. 
tion 5. The greater part of the town is· a high, r.olling prairie, well 
watered by rtume.rons small streams and springs. The soil is clay, 
and produces heavy crops. The timber is rather thin and small, con­
sisting chiefly of black oak. The country resembles that of· the Lead 
region. The formations are the same as in town 12. The principal 
town is-Viroqua. Population of the township, 2,368. 

Town 14:, Christiana. The topographical features of this town 
greatly resemble those of town 13. The divide contini1es from section 
35 to section 1, and is very high~ wide and leveL The soi! is a deep 
clay owing to the absence· of an)r sandstone formation. The timber is 
a Bmall second growth of black oak, and is chiefly confined to the ra­
vines. It is very difficult to obtain water on the ridge, as it lies from 
fifty to one hnnclred and fifty feet deep. The formation is chiefly 
. Lower :Magnesian.· The principal towns are Bloomingdale and Coon 
Prairie. The population numbers 1,305. 

rrown 15, Portland. The ridge which divides the waters of the 
La Crosse from Raccoon creek runs in a northwest course from sec-. 
tion 36 to section 6. ·There is a great deal of rollli:g and hi11y ridge 
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land, \vbich is settled ·mostly' by' Norwegians. The soil is clay, ·and 
the timber chiefly small, ~rushy oak, with occasional groves of·large 
white oak. The ridge land is destitute of water; but the rest of the 
towu is well watered by small streams. The timber in the valleys is 
much larger and heavier, and consists of oak, elm and maple. The 
J.-~ower Magnesian covers two-thi~ds of the town, and the Potsdam the 
remainder. Loose blocks of sandstone of frequent occurrence on the 
ridges. Population, 1,056. 

Town 16, Leon. The valley of the Leon and its branches occupies 
. the eastern half of the town. The valleys are about a mile w;ide, and 
all under cultivation. The soil in the northern half of the town is 
very sandy, but less so in the southern and western parts, where there 
is a go.od mixture of clay. In the southern and western parts there 

· are some high limestone ridges, with a scanty growth of burr oak. 
The'timber in the northern and eastern parts consists of small black 
and burr oak. The formation is chiefly Potsdam. Population, 7 4:8. 

Town 1 7, Sparta. The greater part of the town lies in the valley 
of the La Crosse river, and is very flat and. level. ·The ridg~ land is 
very hilly and broken, and is contained in sections 3, 4, 5, 8, 9, 10, 
15, 17, and is covered with large white oak. North of the La Crosse 
river, the soil contains considerable clay, and there at·e many fine 
farms. South of the La Crosse river the soil is very sandy, but under 
cultivation. The sand in these valleys is often as much as thirty feet 
deep, before coming to the hard sandstone; this· is seen in digging 
wells. Formation, Potsdam~ The principal town is Sparta. Popu­
lation of the township, 3,457. 

Town 18, Oakdale. The divide between the La Crosse and Black: 
rivers passes throngh•this town from east to west. It consists of very 
high· and narrow ridges timbered with oak, and uninhabited. The 

·town is well watered in the southern part, and nearly all culti ,~a ted. 
The soil is clay, and affords many fine farms. This is also true of the 
eastern tier of sections. The north part of the town consists chiefly 
of sand barrens and swamps, and is very poor land. Formation, 
Potsdam, with the exception of one small outlier of Lower Magnesian 
in section 28, which fnrnjshes the town with lime. Population, 733. 

Town 19, Little Falls, The only good farming la~d in this 
township is situated in the following sections: 1, 2, 4, 5, 6, 8, 9, 11, 
12, 13, 14, 19, 20, 21, 22, 23, 28, 29, 32, 33, and it.is only about half 
of t1;cse that are available for agricultural pnrposes. The soil in 
these parts is a sandy loam, but in the rest of the town it is very 
sandy. The lowlands about the.streams are covered with small pines 
and tamarack; the hilly.land in the central and western parts of the 
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town, with white, black and burr oak. The only villag~ is Cataract 
, Popniation, 706. · 

RANGE FIV~ WEST. 

T·1wn 7, Wauzeka.· This is a very hilly township. It is watered 
by ·the "\Visconsin river, Grand Gris and Little Kickapoo.· The val­
leys and sides of the ravines are heavily timbered with elm, maple, 
·hasswood, butternut, etc. There are two ;ery high and wide ridges 
ln the northern and not·th western parts of the ~own, where the soil is 
(3lay, rather shallow, and the timber smaller a11d more scattering. The 
township is rather thinly inhabited. 'All the formations, from the 
Potsdam to the Galena limestone,'inclusive, are represented. The 
principal town is vVau~eka~ Population 1,055 . 
. Town 8, Eastman. (in part.) The high ridge which divides th~· 

Kickapoo and }.fississippi rivers passes through the west side of the 
'town. From it the country s1opes to the east in wide, regular ridges·, 
and deep, narrow ravines. The soil throughout the towa is clay. 
The timber is small, and consists of groves of sma!l black oak. J\fuch 
·of the country is prairie, and devoid of timber. The town i"s inhab­
ited largely by Norwegians. The geological.formations are the same 
as in town 7. The only village is Batavi~. Population 1,459 .. 

The general s~ction of this town, from section 32 on the ridge, to 
section 36, on the Kickapoo, is as follows: 

l?ee~. · 
Galena li1nestone .. · .........•....•••.....•••.••.••• ~. • . • . . • . . • • • . . . • 20 
Blue lin1estone. . . . . • • . • . . . • • . . . . . • • • . • . ..• • • . . . • • . . • . • • . • . • . . . . • • . . • • 25 
Buff lim~stone ...•••..•... 1 •••••••••••••••• ·• • • • • • • • • • • • • • • • • • • • • • • • • 20 
St. Peters sandstone .........•••......•...• • : . .•...•.... • . . . . . • • . . . . . • 100 
Lower l\fagnesian limestone ...•.•... : .•••..••...•.•..••••... ·. • • • • . • . . 180 
Potsdam. sandstone •... ; .•.... ·~· ............ ; .........•...•••.•••.... 100 

From ridge to river, total. . . . . . . . . . . . . . . . . . • • . . . . . . . . . . • • . . • . . . . . 445 

Town 9, Seneca.' The divide continues from the l.ast town, from 
section 31 to section 3. It is very high, wide, and rolling, with'nn­
merous subordinate ridges, and ·affords many fine, rich farms. The 
town is well watered by numerous small streams, and springs are.fonnd 
quite ncar the summit of the divide, issuing from the numerous cla.y 
layers in the Trenton limestone. The soil is clay, frequently rather 
sandy. The timber is oak, small but quite abundant. All the form­
ations, from the Galena limestone to th_e Potsdam, are present;, the 
St. PeterG and the Lower Magnesian are the prevailing ones. The 

·principal villages are Seneca and Lynx~·ille. Population, 1,44:6 .. 
Town 10, c.omprising parts of Utica, Freeman and. Seneca. 

~Tl1e di,·ide coi1tinues a nearly north and squth course ~rom section 34: 
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to section 3. The general features of the country are very similar to 
those of town 9. Much of the town is prairie. The soil is a deep 
clay, and the timber light. With the exception of the principal ridge, 
the country is very hilly and the valleys very deep and narrow. The 
population is largely foreign. The formations are Potsdam, Lower 
:Magnesian and St. Peters; the last two being the principal ones. The 
principal towns are Mt. 'Sterling and Fairview. Population of Uti­
ca, 1,4.96. 

Town 11, comprising parts of Franklin, Sterling, Freeman and 
Utica. This is chiefly a prairie country; the divide is high, wide, 
.and rolling, extending from section 35 to section 1. There are no 
large streams in the town, but numerous small ravines running east 

.and west from the divide.· Small springs are·quite numerous, and the 
.greater part of the town is available for agricultural purposes. The 
population is chiefly Norwegian. The formations are St. Peters and 

. Lower· :Magnesian, in about equal parts. 
· Towi1 12, east half· Franklin, west half Sterling. The county 
is very hilly and broken, watered by the branches of the Bad Axe river. 
The valleys average about a quarter of a mile in width, with a rich, 
loamy soil, and are mostly meadow land. The ridg_es are wide and 
well cultivated; soil, clay; timber, small oak. The population is 
Norwegian. The formations are Potsdam, Lower Magnesian and 
St. Peters; the second being the principal one. 

Town 13, Jefferson. The town is well watered by two branches of 
the Bad Axe river, flowing through the central and northern parts of 
the town. The southern and eastern parts are a fine prairie country; 
the northern, centr::il and western· parts are heavily timbered with 
maple, elm, oak, etc. This timber is confined to the higher parts of 
the ridges, .the timber .about the streams being comparatively small 
and sparse. This is a fine farming country, and produces large crops. 
The to\vnship is well settled, the population being partially foreign, 
and in part native. The formations are the same as in the previous 
town. The principal village is Springville; Population, 1,284. 

Town 14:, Coon. The country in this town is chiefly :rolling ridge 
land, but broken by numerous streams and small ravines. It is well 
watered by the several branches of Raccoon creek. The valleys of 
the two principal branches are from one half to one mile wide, with 
a rich, loamy soil, and sandy subsoil. Toward the head of the streams 
and on the ridges, the soil is clay, and the timber large white oak. 
The fo~mations are Potsdam, Lower Magnesian and St. Peters; the 
second bei~g the principal one. Population, 983. 

Town 15, '\Vashington. This town consists of high, wide, hil~y 

, I 
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ridges, forming the divide between the LaCrosse river and Raccoon 
ci·eek Fine spi·ings are qt-iite numeroi1s, and the'town-is well w·atered; 
the principal stream is Raccoon creek. The valleys. average about a 
quarter of a mile in width; the soil in 'them is a rich, sandy loam, and 
the timber, elm and maple. On the ridges the timber is usually small 
and sparse, but in the central part of the town there are some large 
grovea of white oak. The soil is clay, and nearly all under cultivation. 
The town is inhabited chiefly by Norwegians. The fotsdam covers 
about one-third of the town and the Lower :Magnesian the rest. Pop­
ulation, 1,008. 
_ Town 16, Ba.ngor. The country in this tow·n is of two kinds: 

very high, steep and narrow ridges in the west, south and. east; and 
low, flat, wide valleys in the northern and central parts, on the La 
Crosse river, Dutch and vViant ·creeks. The soil is clay upon the 
ridges, which are seldom wide enough for farming, and are covered 
with small oak tirnber. In the creek valleys the soil is a rich, sandy 
loam, becoming more sandy in the n01:thern part of the town. The 
township is well inhabited. The Potsdam covers about two-thirds of 
the. town, and the Lower :Niagnesian .the remainder. . The principal 
town is Bangor. ' Population 1,19G. 

Town 17, Burns. The only parts of this town which are inhabited 
and available for farming purposes are the val~eys of the La Crosse 
Tiver and the Burnham and .Adams creeks. These comprise about 
one-half of the township, have a rich, loamy soil, and produce heavy 
crops of the cereals and of hops. The Adams valley is very sandy. 
The v.alleys are well watered but devoid of timbm:. The alluvium is 
often very deep on the sides of the v·alleys, and near their heads where 
they become narrow. Masses of chert, which have been derived from 
the denudation of the Lower :Magnesian on the ridges, are sometimes 
fonnd in the alluvium at a depth of thirty-five fe-et below the surface. 
The soil' on ·the ridges is shallow ancl.sandj·, and' they are usually cov­
ered with white and black oak. . The formation is almost entirely 
Potsdam. ·The population of· the town is 1,020. · 

Town 18, Farnlington (in part). ·This IS a very hilly township. 
The hills are highest and steepest in the southern part, but become 
less so on proceeding north, and finally become low, sandy ridge~, and 
then a sand flat on the northern line of the town. The timber is thin 
and sparse, and is chiefly black oak. The eastern side of the town is 
much more sandy than the western .. The best part of the town is the 
Lewis valley, which has considerable good-land, and a clay ·soil. ThQ 
~9wnship is thinly inhabited Formation, Potsdam. 
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RANGE SJX.\VEST. 

Town 6, Prairie du Chien (in part). That part of the town which 
lies .north of the Wisconsin river consists of the rich alluvial bottom 
lands of that stream, with nnr.derous sloughs and swamps. The bluffs 
which inclose the river on the north commence near the north line 
of the town. It is well timbered, soil, clay. Formation, Lower :1\fag­
nesian. 
: Town 7, Prairie du Chien. The high ridge which divides the 
·Kickapoo and the :Mississippi begins in this town and runs northeast, 
passing out at s·ection 2. The ridge is wide, level, and .heavily tim­
bered with white, black and burr oak. The soil is clay. The town is 
'veil watered, and springs are quite numerous. On the west side is 
the valley of the Mississippi, from one to two miles wide,. between 
the bluft's .and the river. Its soil is sandy, and the inhabitants largely 
l~rench. All the formations are present, from the Galena to the. 
Lower Magnesian inclusive. This town includes most of the city of 
Prairie du Chien, with 2,7'77. inhabitants.. Population of the town, 

·724 . 
. Town 8, Eastman (in part). The land in this town is very hilly 

and rough, being composed of long, straight ridges, which run east 
and west, and become quite narrow as they approach the Mississippi 
on the west. The best land is found on the east side of the town. 
There are a great many good springs arising near the ridge, which in 
the course of a half mile sink into the ground, so that the large ra­
vines, although deep, seldom have any water in them. The soil is 
clay, and, in the western part, quite stony. The timber is small and 
rather sparse. Formations, Galena limestone to Potsdam Sandstone, 
inclusive. The general section of this town, from section 23 to the 
·Mississippi river, is as follows: 

Feet. 
Galena liu1estone . . . . • • • • • • • . . • • • • . • . . . • • • • . • • • . • • . • • • . • • • . 50 
Trenton limestone (blue and buff) •.....•.•.....••...• ~ . . • • . • • • • • • • • • • • 40 

. St. Peters sandstone ......••...•.•.••••....••••..••.•. · ..••......•.. 110 
Lower Magnesian limestone. . . . • • . • • .••.•••••.••..•• ~ • • • . • • • . • • • . . . . 250 
Potsdam sandstone: .......•...... ~................................. 20 

From ridge to valley, total ............... , ..................... 470 

~rown 9, Seneca. (in part). The bend of the Mississippi river 
causes this to be a fr~ctional town, containing only about twelve square · 
:miles. It is composed of steep and rocky bluffs, forming the e11ds of 
.ridges, often making perpendicular cliffs and escarpments of rock for 
long distances along the bank of the river. It is covered with small 
ti~ber, and not much settled. The ridges are very high, narrow and 
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steep, and from: them· beautiful views of th~ river are obtained. 
The formations are the same as in the preceding town. 

Town 1 O, Freeman (in part). This is also a fractional township, 
and contains about twenty square miles. It is well watered by the 
Mississippi river, and Sugar, Buck, and Copper creeks. ·Fine, large 
springs are very numerous. The soil throughout the town is clay~ 
and the timber small but abundant. The valleys and ridges are wide 
and afford fine farms. The population is almost exclusively Norwe­
gian. The formations are Potsdam and Lower Magnesian in about' 

. equal parts. The population of Freeman is 1,544. , 
Town 11, comprising parts of Freeman, Wheatland and Ster­

ling. This towi1 consists chi.efly of high, rolling, ridge land, having 
an elevation from 400 to 550 feet above the .Mississippi.· The prin-· 
cipal ridge is very wide, and runs east and west through the riortheril 
part of the town, with n urnerous smaller ridges running. north and 
south. The soil is clay, in some parts rather sandy; the timber small 
bu.t abundant. vVater is very scarce on the ridges. The only· stream 
is Rush creek, in the southern part of the town: it has a rich and 
fertile va1ley about half a mile in width, and all under cultivation. 
The population of the town is Norwegian. The formations are Pots­
dam, Lower J\iagnesian and St. Peters; the two latter predominating. 

Town 12, comprising parts of Sterling, G-enoa and Harmony. 
The pritlCipal stream is the Bad Axe river, which, with its numerous 
·small tributaries and springs, supplies the town abundantly with 
water. The valley averages about half a mile in width, with a rich 
loamy soil, and sandy subsoil, all under cultivation. The timber in 
the valleys is small and scattering black oak. The ridges are wide and 
rolling, soil, clay, and timber, large white ·oak. The population -is 
Norwegian. The .formations are the same as in town 11. Population· 
of Sterling, 1,382. · · 

Town 13, Harmony. There are two ·high, rolling ridges in this· 
town, each about a mile in width, running in an east and west course;. 
one in the northern and one in the souther1i part of the town. The 
soil on each is clay, and they are nearly all under cultivation. The· 
timber on the southern ridge is small and scattering black oak; on' 
the northern ridge it consists of groves of large white oak. The 
northeast quarter of the town'ship is especially heavily timbered,. and 
furnishes considerable timber to sawmills. Water is very scarce i~ 
the vicinity of the ridges. There is but one stream, the north' fork 
of the Bad Axe, which runs westerly through the center of the town·. 
Its valley is about half a mile wide, soil rather sandy, nearly all 
farmed. The formation is Lower ·Magnesian with the exception of a 
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narrow strip of Potsdam in the valley of the Bad .Axe. The only 
village is Newton. Population, 1,062. 

Town 14:, Hambu1•g. ·The ge~eral topographical features of this 
town are about the same as in the previous one; consisting of high, 
broken ridges, and one principal stream. The soil on the ridges is 
clay, and produces good crops, the timb~r is white and black oak. 
The valley of Raccooo. creek varies from half a mile to a mile in 
width. The soil is a rich loam with sandy subsoil, and is nearly all 
under cultivation. There are numerous small hills and benches of 
alluvium in the valley, the materials of which appear to have been 
derived from the hills above during the progress of denudation, and·. 
have since been partially cut away by the changes in the stream, so 
that exposures are frequently seen as much as fifty feet thick, of in·egn­
larly stratified clay and sand. About one-third of the township is 
covered with Potsdam, and the .remainder with Lower l\tlagnesian . 

. The principal village is Chaseburg. The population of the township 
is 1,156. 

Town 15, Greenfield. This town, like most of those in the vicin­
ity of the Mississippi river is very rough and hilly. The ridges run 
east and west, and are very high and narrow. Water i.:> obtained with 
difficulty on them. The soil is clay, and the timber, small oak. The 
farms are chiefly confined to the valleys and ravines, which ar.e .well 
watered. The main stream is the Mormon "Coolie." Its va1ley is 
inhabited by the Germans. The formations are the same as in town 
14. The population numbers 869. 

Town 16, South half· Barre, north half Hantilton. The greater 
part of this town is low, flat and level, and lies in the valleys of the 
La Crosse river an<J Bostwick creek. The only hilly portions are in 
the southern and eastern parts. The soil is chiefly clay, but contains 
considerable sand mixed with it. The timber is small black oak, and 
is confined to the ridges and sides of the valleys. Low hills of sandstone 
are seen occasiona1ly in the valleys. There is some black, swampy land 
about .the La Crosse river, which is. used chiefly for hay meadow. 
This township is quite thickly inhabited. The formation is chiefly 
Potsdam. The population of Barre is 656. 

Town 17, Hamilton. This town is flat and level in the ·southern 
part, in the vicinity of the La Crosse river, and becomes more hilly 
and broken in the northern, until a high dividing0 ridge is reached~ 
running east and west from section 1 to section 6. With the excep-

6 tion of this ridge, which is high and narrow, the township is well 
watered. The ridges are chiefly valuable for the oak timber which 
grows on them, as there is but little laJ?d on them which is available 
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for farming purposes. The ~oil in the valley is clay, containing con­
siderable sand, and is nearly all under. cultivation. The formation is 
chiefly Potsdam. The principal village ·is Salem:· ·The population of 
the town .of Hamilton is 1,661. 1 

Town 18, Farmington (in part). This town. is very hilly and 
rough, but the hills are not as high as in the country south of the 
La Crosse river. The best· land is fonnd in the valley of ~--leming 
creek,- which runs from section 25 to section 18. The valley varies 
from one-half to a mile in width, and is all farmed. The' soil in sec­
tions 23,. 24, 25, 26, is very sandy, but in sectio.ns 18, 19, 20, 21, 22, 
it is a deep clay and contains but little sand. Timber, consistin'g ·of 
white and black oak, ·is very plenty on the ridges throughout the 
town. The northern part of the town slopes to the Black river, and. 
in the ·vicinity of that stream it ,is very sandy, but about the base. of 
the hills, a mile south of the river, there are some very good farms. 
The fon!lation is nearly all Potsdam. The principal village is· Min­
dora. The population of Farmington is 1,686. 

RANGE SEVEN ·wEST. 

Town 1 i, north half Wheatland, south half Freeman. This· is 
. a town made fractional by the Mississippi·river, and containing about 

sixteen squai·e miles. It is very hilly, and the best land lies o'n ·a 
high and narrow ridge in the easte~n part of the town, which is par­
allel to the river, and about 500 feet above it. The river runs close 
to the bluffs, which are high and precipitous. The soil is clay, and 
the timber white oak. The formations are Potsdam, Lower ·Magne­
sian and St. Peters, the second being the prevailing one. The princi­
pal villages are De Soto and Victory. The population of Wheatland 
:s 917. 

Towu 12, Genoa (in part). This is also a fractional town of about 
·22 square miles. It is well watered by the Mississippi and Bad Axe 
1·ivers, and their small tributaries. About the larger streams there is 
a great deal of lo~v, flat, swampy land, chiefly valuable for hay-mead­
ow. The soil is clay, throughout the town, and the timber chiefly 
small oak. The valley of the Bad Axe frequently contains very large 
and thick beds of' alluvium. The ridges lie about 500 .. feet above the 
river, and form a rolling prairie country, with small groves of oak. 
All the formations ·from th~ rrenton. to the Potsdam, inclusive, are 
!)resent; the Trenton consists of a sma.ll outlier'in the southeast-part 
of' the town .. The populatio'n of Genoa is 919.· The general section 
?f this town from the. ridge to the Mississippi river is as follows: 
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lt'eet. 
St. Peters sandstone . . . . . . . . . . . . . . . • . • • • . . . . • . • . • • • • • • • . • • • • • • • . . • . 80 
Lower Magnesian lin1estone. . • . . • • . . • • . . . . . • • • . . . . . . . . . . . . . . . . . . • • . . 230 

.Potsdam sandstone .•••...•...••.•••.•••.. · .•.•••..........• : . ........ 150 

Total froni ridge to valley. • • • . • . • . • • . . . . . . . . . . . • • • • • . . . . . . . . • • • . . 460 

Town 13, south half Genoa, north half Bergen. There are about 
twenty-four square miles contained in this town, of which the o-reater 

b . 

part is hilly and broken, and inhabited by Italians; as even the name 
Qf the town (Genoa) seems to imply~ The ridge dividing Raccoon creek 
and the ]3ad Axe river passes n'ortheasterly through the town, and 
forms the better part of the farming land. It is much cut up with 
ra~ines, and has but little timber .. The soil is. clay, and produces 
good crops of wheat. The formation is chiefly Lower :Magnesian. 
The only village is Genoa, forme.rly known as Bad Axe City. . 

Town 14:, Bergen. The western half of this town lies in the valley 
of the Mississippi, and is an alluvial bottom, consisting of swamps, 
sloughs, hay-meadows .. and timbered islands. The eastern ha~f o_f th~ 
town comprises the valleys of Raccoon creek and Chipmunk" Coolie," 
each about a mile wide, and the intervening ridge. The farms are chiefly 
confined to the valleys. The soil is clay on the ridges, and more 
sandy in the valleys .. The timber is small, and confined to the ridges. 
The formations are Potsdam and Lower Magnesian in about equal. 
parts. Population, 1,014. 

Town 15, Shelby. In the eastern part of this town are some high 
and narrow ridges, covered witJ:l white oak, and terminating in pre­
cipitous cliffs facing the Mississippi. The rest of the town is the flat 
sandy valley of the river, in the northern part of which is the city of 
~a Crosse. The only portions of the valley which are not too sandy 
to cultivate are those which lie within half a mile of the bluffs, where 
the soil has derived m,uch lime from the wash and denudation of the 
adjacent bluffs. The Lower Magnesian covers about one~sixth of the 
town, and the Potsdam the remainder. Population of the city of La. 
Crosse, 14,505. Population of the town of Shelby, 796. 
. 'l10Wll 16, Campbell. The valley of the Mississippi, La Crosse, and 
Black rivers, occupy the greater part of this township. There are 
some high ridges capped with limestone in the southeast quarter of 
the town, and some low, sandy hills in sections 1, 2, 3. The soil in 
~he· valleys is ~ery sandy cx~ept along the foot of the hills and in sec­
tjons. 10, 11, 12, 13, 14, 15. These sections lie near the La Crosse 
;river, and have a clay soil which is mostly under cultivation. The 
timber consists of small black oak. The formation is Potsdam sand-' 
stone. The principal towns are North La Grosse and Onalas~~a. Pop-
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ulatiun of Onalaska, 826. Population of the town of Campbell, 
885. 

~rown 17, Onalaska. The greater part of this town is very hilly . 
and rough, consisting of deep ravines and high ridges, with oak tim-

. her, but too narro\v for fan~ing purposes. Sections 7, 18, 19, 20, 29, 
30, 31, 32, 33, lie in the valley of the Black river, and are very sandy. 
They slope in low hills to the river, and, in the vicinity of the stream, 
become meadow land. They are only cultivated near the foot of the 
bluff's. The best part of, the town lies in the valley of Halfway creek, 
which is from one h·al£ to one mile wide, with a rich clay soil, and all 
under cultivation. The population is chiefly Norwegian and German. 
}'ormation, Potsdam. The principal villages are Midway and Half­
way Creek. The population of the. town is 1,916. 

Town 18, comprising parts of Holland, Farmington, ~nalasluL 
and Gale. There is one ridge in this town, running through sec­
tions 18, 20, 27, 26, 25. It is high, narrow and uncultivated. The. 
remainder of the town consists chiefly of low, sandy hills, covered with 
small black oak, which become sandy fiats on approaching the Black 
river, in the north part of . the. town. The town is well watered by 
the various branches of Fleming creek, and fine springs are quite 
numerous. The farms are confined to t1Ie small valleys and ravines, 
iu which large deposits of clay and sand are frequently found. .The 
soil is sandy, and the formation is Potsdam. Popnlati'on o·f liol­
lanq, 874. 

Town 19, comprhdng parts of Gale, Ettrick and Farmington. 
This town is quite hilly, hut the hills 'are not very high. It is well 
watered by the Black river, Ifard.y and Beaver creeks, and by numer­
ous smaller streams an.cl springs. Tho soil is generally sandy, and 
supports a growth of small oak timber. The farms are confined to 
the streams, the valleys of which are q n.ite narrow and occupy deep 
r~vines; their soil contains more clay and is quite fertile. The form­
ation is Potsdam. 

Town 20, .Ettrick (in part). This township is less hilly than the 
p.receding-. The timber is rather small and the soil sandy. It is well 
watered by the various branches of Bea,·er creek The formation is 
Potsdam. Th~ population of Ettrick is. 1~656. 

RANGE EIGHT 'VEST. 

Town 17, com}wising parts of Holland, Onalaska, and Cale· 
douia. The northeast quarter of this town consists ,of sandy bottom 
land, with a Yery scanty growth of black oak. The rest of the town 
is a network of sloughs and islands in the Mississippi river. The 
to.wn is very th~nly inhabited. Formation .Potsdam. 
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Town· 18, east of Black river, Holland, west part, Caledonia. 
~his town lies altogether in th-e valley of the Black river, which runs 
southerly through the center of the town. The town contains hnt 
little timber, except a belt about a mile wide along the river, consist­
ing of small black oak. The soil in the town is very sandy but about 
half of i~ under cultivation. ,The formation is Potsdam. Population 
of Caledonia, 446. 

1.~own 19, Gale (in part). The east~rn and western portions of 
.this town are hilly and the central part is occupied by the valley of . 
Beaver creek, which is from one to two miles wide. · The soil is q nite 
sandy on the east side of the creek, but less so on the west side. The 
entire valley is under cultivation and is quite fertile.· The timber is 
white and black oak, rather small and sparse, and confined to the 
sides of the valleys and the ridges. The ridges are high and nanow, 
and unfit for farming purposes. One of the best parts of the town is 
Decora prairie in sections 35 and 36. This is a part of the Black 
river bottom and· is fine farming land. The formation is Potsdam, 
with the exception of some small outliers of Lower Magnesian in the 
western part of the town 'vhich are utilized for the manufacture of 
liine. The principal town is Galesville. Population of Gale, 1,786. 

Town 20, Ettrick (in part). The land in this township is roll­
ing. The timber is small, and scattering. The soil is sandy and is 

'watered by French creek and its branches. Formation, Potsdarn. 

RANGE NINE 'VEST. 

Town 18, Trempealeau (in p~rt). This town lies altogether in 
the ,_,.alley of the Mississippi, and is very flat and level, with the ex­
ception of Trempealeau mountain, in sections 20, 21 and 27. The 
best part of the town lies in sections 1, 2, 3, 4, 5, 6, where the soil) 
contains some clay, and affords fine farms. The rest of the town is 
very sandy, and but litt~e cultivated. Very little timber grows in 
this town; it is known as the Trempealeau prairie. Formation, Pots­
dam. Population of Trempealeau, 1,567. 

Town 19, Trempealeau (in .part). Tamarack creek is the princi­
pal stream in this town, and runs through it from section 3 to section 
33. Its valley is from one to. two miles wide, with a black and swampy 
soil. vVhere not covered with tamarack, it .is a fine hay meado\r. 
The farms are confined to the slopes of the hills adjacent to the valley. 
The' southern part of the to\vn also contains considerable good land. 
The eastern and western portions are hilly, and but little settled. For­
·matioi.J, Potsdam. 

Town 20, Arcadia (in part). This town is well watered by several 
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small branches of Tamarack creek. The town is more hilly and roll. 
ing than the preceding, but contains considerable good farming land. 
The soil is rather sandy. The formation is Potsdam. Population of 
Arcadia, 3,167. 

RANGE TEN WEST. 

Town 18. This is·a fractional township of fourteen sections, lying 
along the ~fiss~ssippi, and consisting of sandy bottom land, inter­
sected with sloughs. 

Town 19, Buffalo. This township is very hilly and rough; the 
ridges are from· 300 to 400 feet above the Mississippi, and are well 
timbered with large white oaks, and much, small timber of. second. 
growth. The farms are confined to the valleys and crests of the 
ridges. About two-thirds of the town is covered with Potsdam· sand­
stone, and the remainder with. Lower ~iagnesian limestone, which. 
has sometimes a thickness of 200 feet. 

TO\vn 20, Cross (in part). The interior of the township is occn-. 

pied by the valley of tlw Trempealeau river, which is from one to two 
miles wide, being about one-half meadow ~and and one-half large elm 
timber. The remaind~r of .the township is v~ry hilly and cut up with 
deep ravines. Th~ town is well. watered by numerou::; small streams, 
and the soil is rather sandy. The formation is chiefly Potsdam. 

Town 21, Glencoe. This township is very hilly, the centl'al part 
being occupied by a ridge dividing Muir Creek from the Waumandee 
river. This ridge is about 580 feet above the Mississippi, and is 
capped by about 100 feet of Lower Magnesian limestone. Muir 
creek occupies the eastern part of the township; it has a wide and 
wen culti\~ated valley, with a rich, black soil; in some places rather. 
swampy. The formations are Potsdam and Lower :Magnesian in., 
nearly eq11al yroportions. 

RANGE ELEVEN \VEST. 

Town 19.. This is a fractional township through which the Mis­
sissippi runs from section 6 to 36, bordered with high and precipitous. 
cliffs. Nearly all of the town consists of high, rolling ridge land ly­
ing ·from 500 to 600 feet above the river. It .is well ·timbered with 
large white oak and small timber. -In the northeast quarter of se.C'r­
tion 9, the geological section from the ridge to the bed of the river is 
as follows: · 

Feet. 
St. Peters sandstone. : ...•••.....•••..•..•••...••• • •.• • •.• • • ..•.. :. . 50 
Lower 1\1a,gnesian li1nestone ......•..... : ; . • . ••...•..•.•.••...... · . . 200 
Potsdan1 sandstone . . • • . . . . . . . . . . • . . • • • . . . • . • . • . • • • . • •. • . . • . . . . . . . . . 350 

-Total fron1 ridge to bed of river. . . • • • . • • • •••••• I •••••••• I • • • • • • • • • • • 600 
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Th~ Lower ~iagnesian is the principal surface rock. 
Town 20, Cross (in part). This town is well watered by Eagle 

creek and. its branches in the central part, and by the '\Vanmandee 
1·iver in the western part. The other parts of the town are very hilly, 
and consist of dividing ridges lying about 550 feet above the streams. 
The soil on the ridges is clay, which in some places is suited. to the 
manufacture of brick. One brick ya~d w~s seen in the southeast quar­
ter of section. 32. The valley. of the W au man dee is from a mile to a 
mile and a half wide, a~d well settled; the soil is largely of quater­
nary origin, and is very fertile. The. formations are, Potsdam one­
third, Lo·wer :Niagnesian two-thirds. 

TolVll 21, 'Vaumandee (in part). The valleys of the Waumandee 
and its tributaries occupy a large part of the town, and affo~d much 
good agricultural land. The hills are not so high or so steep as in 
the country further south. The ridges are well tirr1bered. Forma­
tions, Potsdam two-thirds, Lower Magnesian one-third. Population 
of W aumanclee 950. 

~ANGE T'VELVE 'VEST. 

Town 20, llilton (in part). This is a fractional town lying along_ 
the Mississippi, which runs from section 6 to 34. The1·e is a strip of 
flat, sandy land a bon t two miles wide lying between the river and the 
inclosing bluff~, which is cultivated next to the bluff·~, the soil there con­
taining more clay. About one-fourth of the township has the Lower 
Magnesian for tl1e surface rock, the remainder is Potsdam. The pop­
ulation of :Milton is 441. 

Town 21, Belvidere (in part). This town consists chiefly of high 
ridge land, much intersected with ravines. The divide betw.een Beef 
river and the Wan man dee passes through the town and · has a pretty 
uniform elev~tion of abont 600 feet above the Mississippi. The ridges 
are wide and well settled, with elay soil and white oak timber. The 
Lower Magnesian is the principal formation. The population of Bel-
videre is 723. . · 

Town 22, Alma (jn p!lrt). Th-e southern half of tlte town is simi­
lar to tO\vn 21. Beef river flows through the town from section 2 to 
19. Its valley is ~tbout a mile and a half wide, rather swampy, and 
chiefly devoted to hay meadow. The farms are on the terraces which 
form the foot of. the bluff's on either side of the river. The town js 
well watered by numerous small streams. The formatior1s are Pots­
dam and. :Magnesian, in nearly equal parts. Pop·nlation of Alma, 731. 

Town 2:1, 1\lodena .. The greater part of the town is valley land, 
with high ridges in the western and northern part. It is not as 
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thickly settled as the country farther south, and the soil is much more 
sandy. The height of. the dividing ridges in this tovvn is about 530ft., 
above the Mississippi, and they are well timbered with white oalc. 
The formations are Potsdam, covering two-thirds of the town, and 
Lower .Magnesian the rest. Popuiation of :Modena, 811. 

Town 24:, Canton. There is a high, narrow dividing ridge of Low­
er Magnesian in the southern part of the town. The rest of the· town 
is covered with a sandy soil, and slopes to Bear creek, which has a 
very wide and swampy"valley, consist~ng chiefly of meadow land and 
some tamarack. There is some very go9d farming land. Popnlatio.n 
of Canton, 738: 

RANGE THIRTEEN 'VEST. . . 

Town 22, Nelson (in pa~t.) The southern and western parts are 
occupied by the wide sandy valleys of Beef river and Beef slough, in· 
which the soil is very pqor except at the foot of the bluffs. Trout 
creek, which runs through the northeast part of the town has a long 
and well. cultivated valley, from a •quarter to a ha1£ mile in width. 
There are some high limestone ridges in sections. 2, 4, 10, 11, 12, 13, 
15 and 22, which are timbered with white oak; the rest of the town 
has the Potsdam for the surface rock. Population of Nelson, 1,651. 

Town 23, Nelson (in part). This town consists of high limestone 
ridges in the central and southe.rn parts'; the northern p!lrt is occu­
pied by Little Bear creek and its tributaries. The soil is very sandy 
in the valleys but' clay on the 1~idges. The formations are Potsdam 

· and Lower Magnesian in nearly equal parts. 

RANGE FOURTEEN 'VEST. 

Town 23, Pepin (in part).· The eastern half of the town is occu­
pied by the valley of the Chippewa river, which is quite swampy ncar 
the river and heavily tirpbflt~e4 with elm. Near the bluffs the soil is 
sandy and gravely, and somewhat cultivated. The valley of Roaring 
river ·has a fine clay soil, and is well settled. There are numerous 
broken limestone ridges· in the northern and central parts, which lie 
about 450 feet above the river, are timbered with white oak, and 
have a good soil. The formation over mqst.of the town is Potsdam. 
Population of Pepin, 1,515. 

Town 24, Franlrf'ort. The eastern part of the town contains part 
of the Chippewa valley, and Plum and Porcupine creeks occupy the 
central part. The valley of Plum creek is .about a mile wide, with 
-.;-ery good soil in most parts. The town is hGavily timbered in the 
valleys with elm, maple, basswood, etc., and on the ridges with v;hite 
and black oak. The principal form~tion is Potsdam. Population, 63D. 

VoL. IV.-,3 
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Town 2 5, Waterville. This township is very rough and hill}r, 
the general elevation of the ridges being about 450 feet above the 
J\1:ississippi. The timber is very large and dense, and consists of elm, 
maple, basswood, ash, 8etc. The soil is rich and black. The forma­
tion is Potsdam., with the exception of alimestone ridge in the south­
western part. The population is American and French, and number~> 
1,197. 

rl.ANGE FIFTEEN '\VEST. 

Town 23, Pepin (in part). .This town is rendered· fractional by 
Lake Pepin in the southern part, which flows from section 18 to 36. 
The valley adjacent to the lake is from a mile to a mile and a half 
wide, very sandy, and cultivated only near the foot of the bluffs. The 
northern part of the town consists of wide rolling ridges with clay 
soil, and is fine farming land. It is timbered w.lth white and black 
oak. The Potsdam and Lower Magnesian occupy about equal areas 
in this to~vnship. • 

Town 24, Maiden Rock (in p~rt). The town consists of high, roll­
ing, ridge land, much intersected with ravines; The general eleva­
tion of the ridge is about 450 feet above Lake Pepin. There is a great 
deal of fine agricultural land in this township. The soil is clay, and 
the surface rock chiefly Lower Magnesian. Population of Maiden 
Rock, 1,375. 

Town 2 5, Union. Thio town is well watered by Plum creek and 
its branches, and heavily tim bered.with elm, maple, oak, basswood, etc. 
The soil is clay derived from the Lower Magnesian, which covers 
about two-thirds of the town, the Potsdam occupying the remainder. 
The population of Union. is 734:. 

RANGE SIXTEEN \VEST. 

Town 24:, Maiden Rock (ln part). This is a fractional town of 
about twenty-four sections, lying along Lake Pepin. The 1nost 9f 
the town consists of high, rolling ridge land, with fine soil. The bluff's 
lie very near the lake, and the Lower Magnesian covers nearly .all uf 
the town. · 

T(nvn 2 5, Salem. This town is well watered by. Rush river and it& 
tributaries, which occupies the central part of the town. Its valley is 
about one-third of a mile wide, and has a rich soil. It supports a, 
heavy growth of maple, elm, basswood, butternut, etc., and con­
siderable oak on the ·ridges. The Potsdam is the surface rock in 
the GValleys, and the limestone over the rest of the town. Popula­
tion, 478. 
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RANGE SEVENTEEN''VEST 

Town 2 4:, Isabelle. This is a small fractional town of nine sec­
tions, lying at the head of Lake Pepin. The western half consists of 
sandy flats, the eastern half of high limestone bluffs. Population, 250. 

· Town 2 5, Hartland. This town is well watered by the branches 
of the Isabelle river. The eastern and western parts consist of ridges 
about 400 feet higher than Lake Pepin. The southern portion is 
timbered with white oak, the remainder with elm and maple. The 
soil is in most parts very good. The formation is chiefly Lower :Mag­
nesian. Population, 1,250.' 

RANGE EIGHTEEN 'VEST. 

Town 2 5, Trenton an{l Diainond Bluff. The town is well watered 
by the Trim belle river and· its branches, and consists chiefly of high, 
rolling ridge land, lying about 400 feet above the· :Mississippi. The 

" town is he·avily timbered, and the soil clay. The formation is chiefly 
Lower l\1:agnesian. The population of Trenton is 731; the population 
of Diamond Bluff, 534.' 

Town 2 6, Trim belle. The town is divided north and south nearly 
in the center by the Trim belle river. East of the. river, the country 
is heavily timbered with hard wood; west of the river, the conn try is 
rolling and sparsely timbered with poplar and black oak, and has 
1nore of a prairie nature.. The soil is clay and well suited to farming. 
The formatiol). is chiefly Lower Magnesian, with some St. Peters iu 
the northwestern and southeastern parts. Population, 1, 148. 

RANGE NINETEEN 'VEST. 

Town 26, Oak Grove (in part). This township is mostly prairie, 
with occasional groves of white and burr oak. The soil is good and 
·the· greater part under cultivation. It is- not very well watered, the 
streams being infrequent. The principal surface rock is Lower Mag­

. nesian, and some St. Peters in the northern part. Population of Oak 
Grove, 937. 

Town 27, ()Iifton. The land is quite hilly and rolling, and rather 
sparsely timbered. The soil is good, and fine farms are numerous. 
It is well watered by branches of.the Kinnikinnick river. The form­
ations are Lower Magnesian and St. Peters, in nearly equal parts. 
Population, 703. · 

RANGE T'VENTY 'VEST. 

Town 27. This is a fractional town of about· ten sections, lying 
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in the valley of the' St. Croix. The land is slightly rolling and the . 
soil well adapted to agriculture. 

GENERALIZATIONS. 

From the preceding descriptions we recognize three natural sub-
. divisions of the country, which exhibit well marked differences in to­
pography, timber and soil. The territory lies entirely within the great 
driftless area of the· state, with a few slight exceptions hereafter to be 
described, and its surfac~ contour has never been modified by glacial 
action. 

The first of these natur~l subdivisions is the most important, and 
consists of high ·rolling ridge land intersected in all directions with 
deep ravines and valleys, often bordered with precipitous cliffs, the 
elevation of the ridges above the valleys being from 300 to 500 feet. 
The valleys in their length and breadth are the effect of erosion only, 
but it seems probable that the streams were formerly much larger and 
acted with greater rapidity and force. When we mentally reconstruct 
the country as it mus~ once have been, by :filling up the valleys with 
the formations now foin1d on their sides, and then add the formations 
whose outlines still remain, we appreciate the imnfense denudation 
which the country has undergone. It should be remembered, how­
ever, that this portion of the continent has never again been sub~ 
merged since its first emergence from the Paleozoic ocean at the close 
of the Lower Silurian age, and that since then all the subsequent ages 
of geological time have elapsed, a length of time commensurate with 
the results. 

Country of the above description is found ~herever the Lower 
lfagnesian limestone has not yet been entirely denuded, and is char­
acterized by a clay soil derived from the disintegration of the lime­
stone. It supports usually a heavy growth of hard wood timber, in 
which maple, elm, b~sswood, oak and ash predominate. It includes 
the counties of Richland, Crawford, Vernon, the south half of La 
Crosse and Monroe, and such parts of Buffalo, Pepin and Pierce as 
are mentioned in this report. 

The second natural subdivision of the territory includes the coun­
try in which the Potsdam sandstone is the underlying formation. 
The denudation having proceeded with greater rapidity in the soft 
sandstone, the ridges are not so steep and high, and the intervening 
valleys much wider. The soil is more sandy and not as well adapted 
to aO'ricultnre, and it is usually covered with a growth of small black 

. 0 

oak. This includes the northern parts of Monroe, La Crosse and 
Trempealeau counties. 
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The third natural subdivision includes the alluvial bottom lands 
found in the valleys of all the ~arger str~ams, as the Mississippi, Trem~ 
pealeau, Black, La Crosse, Kickapoo and Wisconsin. rivers. In all of 
these streams except the Kickapoo and the ~pper part of the La 
Crosse, the materials from which the soil is derived are largely g1a~ 
cial in their origin, and the result is in some cases a barren and sandy 
soil, and in others a rich and fertile one. In the former is found a 
growth of small black oak, and in the latter the elm and maple pre~ 
dominate. 



.· 
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CHAPTER ll. 

GEOLOGlOAL. FORMATIONS. 

The formations of the territory described in this report are confined 
to the Lower Silurian age, with the exception of the Quaternary. 
The following general section, taken from Prof. Dana's Manual, em­
braces the present received order of geological periods and epochs in 
North America, and to it is added another column, showing the order 
of the epochs in the territory under consideration: 

PERIODS. EPOCHS. EPOCHS IN WESTERN WISCONSIN. 

Recent ...•.•.•... Recent. 
Quaternary. Champlain ......•. Champlain. 

Glacial ...•........ Glacial. 
Cincinnati . . ....... Wanting. 

z Trenton. Utica. ............. Wanting. 
-< Trenton ..••.••..... Galena, and Blue and Buff limestones. 
~ 

Chazy ..••..•••.... St. Peters sand!:ltone. ~ p 
Canadian. Quebec ............ Wanting. ~ ...... Calciferous ...•..... Lower Magnesian limestone. 00 

~ 
~ Primordial Potsdam .........•. Potsdam sandstone. i:= 
0 or 

t-=l Cambrian. Acadian ........... Wanting. 

Archcean. Arcbrnan ........... Not exposed. 

From the above table it .will be seen that there are but seven epochs 
to be considered,- the remainder being either denuded, never deposHed, 
or unexposed. They will be considered in the natural order of their 
deposition, ·beginning with the oldest and lowest, which is the Pots­
darn sandstone. 

POTSDAM SANDSTONE. 

The territory covered by the Potsdam forms a large part of the dis­
trict examined, as has been noticed in the previous chapter, or may 
be seen by reference to areas II and I of the geological atlas, accom­
panyLpg the report. It is found in the valleys of all the ~treams, and 
in the northern part it becomes the surfa(.:e rock of the entire country. 
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The strata of the Potsdam erp.erge from the. valley of the Missis­
sippi a short distance above Prairie du Chien, and rise· gradually in 
ascending the river until they attain their maximum elevation of 4:70 
feet above the river, between La Crosse and Trempealeau. From this . 
point, continuing to ascend the river, the elevation, diminishes irreg­
ularly; being 350 feet at Foi1ntain City, 270 feet at Alma, 320 feet 
at Buffalo City, 200 feet at ·Maiden Rock, 80 feet at Bay City, 120 
feet at Diamond Bluff, and sinking below the level of the Mississippi 
a few miles belo·w Prescott. 

Lithological Characteristics. The Potsdam formation in the 
southern and western part of Wisconsin consists almost entirely of 
sandstone. The only exception to this is the stratum· of magnesian 
limesto.pe and shales fonnd in the upper part of the formation, which 
will be more particularly described hereafter. Another peculiar fea­
ture of the formation is the great uniformity of the various strata. 
Prof. Owen made six principal subdivisions of the Potsdam; and 
wheeever exposed they can be traced through the entire region, pre­
serving with but little variation the same relative order and thickness. 

The strata of the formation are usually composed of .fine siliceous 
sand; generally in small, rounded, waterworn grains of almost every 
color, the most frequent being the various shades of ytllow and red, 
sometimes green, and. often r:;now whit~. The strata vary greatly in 
consistency; and in different localities the same stratum may present 
different degrees of hardness .. Some of the layers, and especially the 
white ones, are frequently almost as compact as quartzite, and from 
this all degeees are found, to a loose, friable sand that crumbles in 
the hand. In general, the softer and more crumbling sand contains 
tl~e least admixture of foreign matter: as when lime or iron are pres­
ent, they frequently cement the. sand into a very hard and compact 
sandstone, which is sometimes concretionary. An instance of this 
was observed at Decora Peak, a short distance east of Galesville, in 
Trempealeau county. The upper layers contain numerous concre­
tionary and sta.lactitic masses of ferruginous rna.tter, some of then1 
as much as a foot in diameter; they are usually hollow in the interior. 

Concretions of sand were also seen in the upper strata of the Pots­
dam in the road cutting in theN. half of sec. 9, T. 19, R. 11 W. Their, 
color'is nearly the same as the adjacent sandstone, and they are sel­
dom· more than three or four inches in diameter. 

The Stratification of the Potsdam is very regular and even, and 
the beds usually lie in a nearly horizontal position over large tracts 
of country. Indeed, so little do they deviate from an apparent level, 
that the dip can~ot be distinguised by the eye, but only by a careful 
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rveasnrement. The Elip·is usually to the northwest, and seldom ex­
ceeds eight or, ten feet to the mile, but more frequently it is less. · 
"Cross-~tratifi.cation" is of very common occurrence in all the 

beds of sandstone, and might sometimes be mistaken for the true 
J!'IG.l. stratification if 

its origin was 
not known and 
understood. 
The annexed 
sketch (Fig. 1), 
taken from the 
face of a cliff 
on Sand creek, 
in the south­
east quarter of 

C section 25, T. 
Cnoss-STRATIFICATION. 10, R. 4 vV., il-

lustrates both the true and the cross-stratification. In this sketch, 
the lines A B, 0 D, E F, G H, show the planes of true stratific!ltion, 
which are nearly horizontal; and in each of the beds are numerons 
subordinate layers, in which .the lines are horizontal, oblique and 
curved, frequently dipping in different and even opposite directions 
The lines of stratification of the subordinate beds are as fine and reg 
ular on the face of the cliff as in the drawing; from six to twelvt 
being contained in the space of an inch. 

This structure is due to the irregular deposition of the sand by the 
sea, and the cutting away of partially formed beds by irregular and 
shifting cmTen ts and the ebb and flow of tides. In Fig. 1, for instance, 
the bed G, L, K, M, H, is the remaining part of a horizontal bed 
which was first cut down to the line K, M, and the bed, o£ which :F, 
K, M, is a part, was formed. Both of these beds ·were then cut down 
to the line F, L. In like manner may be explained the oblique lam­
ination of the constituent parts of all the beds, the waves cutting 
away and pushing before them the loose sand, and heaping it up in 
oblique and divergently laminated layers. 

Ripple )larks. These are not of common occurrence, and were only · 
seen in the northern part of La Crosse county, and in the southern 
part of Trempealeau county. The ripple mark is an indication of a 
sea beach, or of shallow water, and it is possible that the depths of 
the water over the greater part of the country precluded their forma­
tion. Some very good beds of ripple-marked sandstone were seeu near 
Ilalfway creek, and at Stevens town, in La Crosse conn ty; on the Black 
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river and at Galesville, in Trempealeau county. A.t the latter place 
the specimen was very large and perfect, the ridges being from two 
to three inches apart, and covered with small Lingula slwlls and.fa- · 
co1:ds. 

1.,hiclincss. The greatest exposed thickness of Potsdam was found 
in the northern part of the territory, in the vicin.ity of Black river, where 
the lower. beds are exposed. Here, however, the upper beds of the 
Potsdam have been greatly denuded, or ·are not exposed, making it 
difficult to obtain a good general section of the formation at any one 
place. The two following sections have. therefore been prepar·ed, of 
which section No. 2 is from the southern pat·t of the territory, ·where 
the upper beds are most. fi·equently exposed, and ·exhibit great uni­
formity. Section No. 1 ·has· been obtained from an examination of 
the strata of Trempealeau mountain. By placing the beds numbered 
2, 3, 4, of section No. 2 above bed No. 3 of section No. 1, a very good 
ideal section of the Potsdam formation may be constructed. 

Section No. 1. Trempealeau 1\Iounta:i.n. 
Feet. 

1. Heavy-bedded, unfossiliferous sandstone. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
2. Intercalations of magnesian limestone and sandstone . . . . . . . . . . . . . . . . . . . . . . . 20 
3. Sandstone layers, with lines of cross-stratification . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
4. Layers of yellowish concretionary sandstone ................ , . . . . . . . . . . . . . . 3 

· 5. Heavy-bedded, yellow sandstone. Layers 2 to 6 feet thick . . . . . . . . . . . . . . . . . . 45 
6. Thin-bedded, brown, yellow, and white sandstone ...................... :.... 11 
7. Thin, yellow, argillaceous shales, with traces of Dicellocephalus. . . . . . . . . . . . . 10 
8. Soft and friable green sandstone ...............•............ , . . . . . . . . . . . . . 12 
9. Heavy.~'Qedded, red and yellow sandstone.s .. . . .. .. .. . . .. . . .. • • .. . . .. . . .. . . . 20 

10. Hard and compact sandstone, containing considerable linl.e . . . . . . . . . . . . . . . . . . 9 
11. Concretionary sandstone, containing greensand ...... J • •••••••••• ~ • • • • • • • • • • · 3 
12.' 'l'hin-bedded, J:ellow sandstone, with frequent green l~yers.................. ~3 
13. Band of green clay ........................................... : ...... : . . . 1 
14. Alternations of green and red sandstone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
15. Con1pact green sandstone................................................ . 5 
16. Soft and friable.gJ,"~ensand .. ·.·.·.·.· .. ·.· ......... ·:: ...... ·::................ 9 
17. Sandstone con tajning . scales. of n;J.ica, and indistinct fossils .................. '. 3 
18. Ferruginous sandstone .................................. ~ . . . . . . . . . . . . . . . . 20 
19. Thin-bedded, soft, green sandstone, with intercalations of green clay from two 

to four inc~1cs· thick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
20. Heavy-bedded, brown, calcareous sandstone ........................... 0 

•• ;. 

21. Soft and friaple .san.c~stone; with ~nica and greensand. . . . . . . . . . . . ......... . 
22. :Friable sandstone, with indistinct trilobites ..................... ~ ........ . 
23. Loose greensand ...................................... · .................•. 
24. Heavy-bedded, yellow and gray sanQ.stones, containing large quantities of finely 

10 
12 
6 
2 

. comminuted, wlJite Ling.tt.l(t shells: ....... : ..........•....•• •. . • • . • . . . • . • 80 
25 .. ~lope of hill, sandstone, to wat~r in the Missis~ippi .... ,.................... 25 

Total thickness of section .•. : ....... ; .............• ·. , . . . . . • • . . • . . . • . . 434 
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Section No. 2. 

On the farm of Mr. Obright, on Hall's branch, Section 6, T. 9, R. 4 W. 
Feet. 

1. Gentle slope of hill with exposures of hard and compact, yellow, Lower Magne-
sian funestone conta.ining no flints. . . . • • • . . • . . . • • . . . . . . . • . . . . . . . . . • . . . . . • 30 

2. Steep slope, formed of transition beds of limestone and sandstone, in which the 
sand is cemented by lime. Very hard ..... ' ....•........ ,................ 30 

3. Perpendicular cliff of yellow sandstone, very irregularly bedded, with lines of 
cross-sb:atification. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...•.... :. • . . . . 40 

4. Thin layers of arenaceous and dolomitic shales..... . . . . . . . . . . . . . . . . . . . . . . . . . 30 
5; Heavy-bedded, yellow and brown sandetone, gener~lly loose and friable, but in-

durated on the surface .................. , . • • . . • . . . . . . . . . . . . . ....•• ·. • • • • 20 
6~ Thin-bedded sandstone, alternating with calcareous and magnesian layers...... 40 
7. Slope of hill coveri~g sandstone, to the water in the creek .. · ....••........ .'. . . ~0 

Total thickness ....••.........•....•........••........•••...•......•.. 210 

SECTION OF HILL OF PoTSDAM ON HALL'S BRANCH. 

The following sections are also inserted to show the changes which 
t_he strata sometimes undergo in different iocalities: 

Section No. 3. 

Section of a cliff on Sand creek, in the southeast quarter of Sec. 25, 
T.lO, ~- 4 W. . 

1. Hea-ry-beddedLower Magnesian limestone, regularly stratified, and con­
taining but little flint, weathers irregularly on the surface, exposed in 
a vertical cliff . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...•....•.......•. 

2. Regularly stratified, thin:.. bedded limestone layers .................. . 
3. Transition beds, consisting of loose, angular pieces of magnesian lime­

stone, containing considerable sand. In this stratum there are. nu­
merous cavities lined with brown spar and pyrites ... ~ ..• ;. •.....••• 

4. Very had:ci, white Potsdam sandstone, like quartzite .•.•...••••.••••• 
5. Soft, friable,·white sandstone •••...................••............. 
6. Very hard, close grained, yello~ sandstone, containing numerous irreg-

ula.r cavities ............................................. ; ..... . 
7. Hard and compact white sandstone . : . . .•.............•••......... 
8. Hard and compact yellow sandstone .........••.............•....• 
9. Soft and friable white sandstone, wit}l fine lines of cross-stratification ..• 

. Total thicklless . • . . . .... • . . . . . . . . . . . . • • • . ................... . 

Feet. Inches. 

3 
1 6 
1 6 

2 
2 
1 

20 

64 00 
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Section No. 4. 

· Section of a b1uff on· the west side of the Kickapoo, in the south­
west quarter of section 18, T. 11, R. 3 W .. The el~vation of the top of 
the bluff above taim Mi.chigan is about 430 feet. 

1. Slope of hill to first outcrop of rock ............................... . 
2. Thin-bedded yellow limestone, containing no flints, stratification regu-

lar, beds 61to 7 feet thick .................................... . 
3. Hard and compact limestdne, beds 2 feet ·thick ..........•.......... 
4. Two beds of light colored limestone, 7 and 8 feet thick, containing no 

flints. Good building stone .................................. . 
5. Thin-bedded, gray limf)stone, much broken into irregul~ rectangular 

blocks; contains ririmerous small cavities, but no chert or flints ...• 
6. Thin, yellow, oolitic limestone, made up of small concretionary parti-

cles like fish spawn ...............................•............ 
7. Bed of irregularly broken limestone, similar to No. 5 ..........•.... 

-8. White sandstone (Potsdam) ..................................... . 
9. Layer of irregularly broken limestone, similar to No. 5 ....••... ~ ..• ~ 

10. Harcl ancl compact. white sandstone ......... ~ ........... ~ .......••. 
11. Very thin, and regularly bedded limestone; layers 1 inch thick ...... . 
12. Hard and compact magnesian limestone .........•....•..••.......• 
13. White sandstone ..... : ... : .....•.......•.. · .....•.•••..••.••..••. 
14. Hard and compact yellow sandstone .............................. . 
1.5. Friable white sand .................... · .- ...........••.•..•.•••••• 
16. Layer of limestone containing distinct grains of sand ..•....•..••..•• 
17. Compact white sandstone .•••.......... .- ........................• 
18. Hard and compact yellow sandstone .....•...•........•......•...•• 
19. Soft, friable, white sandstone .................................... . 
20. Yellow sandstone . . . . . . . . . . . . . . . . . • . . . . . .................•....• 
21. Soft and friable white sandstone ................................. . 
22. Soft, straw yellow sandstone .............................•...•... ·• 
23. Soft, white sandstone ...•.. • •.......•...............•...•........ 
24. Hard, yellow sandstone, cropping out at intervals in the steep slope of 

the hill ................................••.....•...•••........ 
~5. Ge~tle slope of hill, covering sandstone, to water'in the Kickapoo river 

Feet. Incites. 

\ 

10 

}0 
15 

15 

10 

3 
2 

1 
1 
2 
3 

1 

1 

2 
6 
8 
5 
6 
1 

75 
110 ... 

6 
6 

3 

6 
6 
6 
s 

Total thickness ..••..••.. ·• . . . • • • . • . • • . . • . . . . . • . • . . . . . • • . . . . . . . 290 

=== 
The foregoing section is one of the finest exposures of Potsdam 

sandstone observed; and the remarkable alternations of thin beds of 
sandstone and magnesian limestone, near the top of· the Potsdam·, 
have not their counterpart in any other .section of the country. 'The 
usual transition beds of calciferous. sandstone, and arenaceous lime­
stone, appear her'e to be replaced by thin· and numerous alternating 
beds of limestone and sand. 

Section No. 5. 

Section of a bluff in the Mississippi valley,' S. E.quarter Sec. 25, 
T. 18, R. 8 W: 
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Jleee. 
I. Lower Magnesian limestone, heavy-bedded, light colored, containing numer-

ous flints, in layers _and irregular masses, exposed in a vertical cliff .•••... : 90 
2. Thick magnesian layers, alternating with sandstone ......••.•........ ~ . . . . . 50 
3. Thin-bedded, yellow shales, alternating with layers of white and yellow sand-

stone........... . . . . . . . . . ..• . . • • • . . . . .. . . . . . . . . . • •.. • • . . . • ..• • • . . . . . 30 
4. Regularly stratified yellow sandstone ...•••... .'. . . . . . . • . • • • . . . . . . . • . • • • . . . . 50 
5. Steep' slope of the hill, covering sandstone .................... ·.. .. .. • • • . . . . 20 
6. Gentle slope ·of the hill, fo:rmin·g a bench·.·.· ...•..•.•.••.•••.... ·••••.. . . . . . . 130 
7. Steep slope of the hill, with small outcrop of sandstone........ • • • • . . . . . • . . 40 
8. Green sandstone and shales ...•••.••.. · ....•. · •. ~ •..... ·.••..••.... • . • . . . . 10 
9. Hard and compact yellow sandstone ................... ~.................. 40 

10. Heavy-bedded, regularly. stratified, hard, white sandstone................. . . . 30 
11. Yell ow sandstone . . . . . . . • • • • . . • • . . . . . . . . . . . . . . . . . • • . . . . . . . . . • • • • . • • . . . . . 10 
12. Slope of hill from the last outcrop down to the valley....................... 70 
13. Elevation of the valley above the water in the Mississippi................... 90 

Total thickness . . • • . . . . . . . • . • • . . . . . . . . . . . . . . • • • . • • • . • • • . . . . . . • . . • • • . . • . 600 

From.the preceding sections; Nos. ·1 and 2, it will be seen that the 
total exposed thi<:kness of Potsdam is about 470 feet. Beginning at 
the bottom and proceeding upward, the formation is composed as fol­
lows: First, 100 feet of heavy:bedded sandstone, containing princi­
pally Lingula. Second, 200 feet of thin-bedded sandstones, in which 
greensand layers are very frequent ... Third, 75 feet· of heavy-bedded 
sandstones, sometimes containing fossiliferous argillaceous layers :in 
the lowe.r parts. Fourth, 100 feet of alternating sandstone and dol­
omite, with dolomitic shales near ~he bottom, and transition beds a~ 
the top. 

Of the thickness of the unexplored portions of the Potsdam, we 
have derived some knowledge from artesian wells that have penetrated 
the formation to obtain water, of which detailed descriptions are given 
on a subsequent page .. 

At Oil Qjty, on the Kickapoo, near the center of theN. W. quarter 
of Sec. 26, T. 15, _R. 2. W., an artesian well reaches tho bottom of the 
Potsdam ·at a depth of 490 feet from the surface of the ground. From 
the surface at the well to the top of the Potsdam, is 354 feet, making 
the total thickness of the formation at this point, 844 feet. 

In the village of Tomah, in Sec. 4, T. 17, R. 1 W., an artesian 
well has penetrated to the bottom of the Potsdam at a depth of 460 
feet. The nearest exposure of the top of the formation is about five 
1niles south of Tomah, where it is about 420 feet higher than the 
town. Allowing 30 feet for the northerly rise of the strata, it is not 
too much to assume that the entire thickness of the Pot::;dam formation 
in this vicinity is about 900 feet. 

In the city of La Crosse, a well has been sunk through 537 feet of 
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Potsdam, reaching the granite.· Above tqis, to th.e top of the forma-: 
tion, is 400 feet, making the thickness of the Po~sda.m formation ne~r 
La Crosse, 93'7 feet. 

In the town of Prairie du Chien, a well has been sunk through 960 
feet of the Potsdam without reaching the bottom of the formation. 

In general, the thickness of the Potsdam may be estimated at 800 
to 1,000 feet, in the Mississippi valley, the inequalities in the surface 
of the underlying Archrean rocks being the principal source of its 
variation. 

Local Sections. The following local sections illustrate the struc­
ture of several parts ·of the ·formation. The following was taken at 
the road cutting opposite the mill in the village of Boaz in Richland 
county, section 19, town 10, range 1. west. The top of the section is 
probably about 100 feet below the upper surface of the Potsdam for­
mation. 

· Section No. 6. 

1. Thin bedded yellow sandstone: containing Scolithus, layers 9 inches 
thick, separated from each other by a thin, laminated, sandy shale, 
one inch thick ..........................•............•..••.... 

2. Bed of very soft caleareous and arenceous clay .................... . 
· 3. Sandstone with interla,minated shales ..........•.....•............ 

4. I.Iard and compact sandstone consisting largely of greensand ....... . 
5. Conglomerate, consisting of small rounded pieces of light colored sand­

stone, imb[)clcled in greensand; very hard arid compact, contains 
irregular cavities lined with drusy crystals ....•....•..........•.. 

6. Friable white sandstone ....................•...................• 
7. Soft yellow limestone. ........................................... . 
8. Bed of very loose calcareous matter ................••...•........• 
9. very fi'iable greensand :. . . . . . . . . . . . . ........................... . 

10. Loose crumbling magnesian limestone ......... · .....••..........••. 
11. Friable greensand. . . . . . ........ : . . . . . . . . • . . • • . . . . . . . . . . . . • .. 
12. Greensand alternating with calcareous shales 1 inch thick ...•..•••• 
13. Heavy bed of green sandstone, more compact than the preceding ...• 
14. Hard and compact yellow sandstone ............................. . 
15. Greensand to bed of the creek ......••............••••. ; ....••..•• 

Total thiclmess exposed ........... · .....•••.••••. ~ ..••.......•.• 

Feet. Inches. 

'6 
1 ·6 
1 6 
1 2 

1 4 
6 

2 
4 

1 
.2 4 

4 
5 
3 .. 

6 
1 6 

34 5 
- -· 

A fine exposure of the upper beds of the Potsdam was seen in the' 
S. vV. quarter of Sec. 32, T. 14, R. ·2 W., of which .the following sec­
tion was made:. 

Feet. 
1. Heavy-bedded, hard and compact yellow sandstone, weathers irregularly on the 

surface· ..... · .................•..••..••......•..•••.•••.• •••.•••...•...• 9 
2. White sandstone ........ ·. . . . . . . . . . . . . . . . • . . . • • . • • • . . . . . • • . .......•..•.. ·. . 3 
3. Hard and compact yellow· sandstone. . . . . . . . . . . . . . . . . . • • . . . . . . . • . . . . . . . . . . . . . 8 
4. Thin-bedded sandstone layers one inch thick, containing numerous Scolithus.... 1 
5. Two beds of yellow sandstone, containing Lingulce . • . • • • • • • • • . • • • • . • • • • . • . • • • 4 
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· Fed 
6. Hard and compact white sandstone (this is the bed which appears so continuously ' 

throughout the valley).............. . . • . . • . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . f 
7. Very soft and crum bi.ing sandstone (yellow). .. . .. .. • • . . . . .. . . . . • • . . .. . .. . . . . . . . f 

Total thickness exposed . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . • . 36 

Good exposures of the various beds are seen i~ the cuts of the 
Chicago and Northwestern Railroad, and especially at the tunnels. 
· In Sec. 24, ·T. 16, R. 2 W., are two cuts, made through the shale 

beds, in which numerous fucoids were found in a blue clay: together 
with some remains ·of Lingttkt in the shales, also one bed of bard 
sa?dstone, in which were occasional ripple marks. .A.t tunnel No. 2, 
in the S. E. quarter of Sec. 25, T. 16, R: 2 W., is a fine exposure of 
the various beds of Potsdam contained in the shales. of which the fol­
lowing section was taken: 

Feet. 
1. Slope of the hill from the top of the Potsdam sandstone to the top of the cut at 

the tunnel (probably covers sandstone). .. . . .. . . .. .. . .. • .. • • .. . . .. . . .. . . . 72 
2. Yellow arg-illaceous shales, conta,ining numerous fucoids and some Lingulce, 

probably the same as those at Lone Rock and other points on the Wisconsin 
river . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • • . . . . . . • • . . . . . . . • . . . . . . . . . . . . . . . . • 10 

3. Hea~y-bedded sandstone .•.• ~, . : ... : . . . . . . . . . . • • . . . . . . . . . . . • . . . . . . . . . . . . • 12 
4. Arenaceous shales.:: ............ .-....••...... · .........•.•....••......... 
5. Bed of magnesia.ri limesto:r;te,· containing geodes of calcite .•........•..•••..•. 
6. Arenaceous ·shales ........•...•............•...•...........•...•......... 
7. Layer of s:-t.ndstone ...................•....••...........................• 
8. Very thin·-bedded arenaceous shales: ....•..............•..•..............• 
9. Bed of friable greensand ...............................••..........••.... 

10. Conglomerate of greensand and irregular pieces of shale ..•................. 
11. Heavy-bedded·sandstone ·containing· Scolithus to track ..••..•..........•.•• 

4 
2 
8 
1 

10 
1 
2 
8 

Total thickness .....••........... _. . . . . • • • . . . . . . . . .. • • . . . . . . . . . . . • . • • . 130 

Proceeding west from tunnel No. 2, the shales were found in all the 
cuts at Cook's creek, and east in all the cuts to Wilton o~ the Kicka­
poo; fi·om this it appears that the thickness of alternating shales and 
sandstone is_:pot le_ss than 200· feet, of which the greater part is shale. · 

Tunnel No.3 is situated in the.N. W. quarter of Sec. is, T 16, 
almost six miles from and nearly due west of tnnnei' No. 2. The top 
of the Potsdam was here found to be 20 feet lower than at No. 2. 
The following section was made of the hill and cut at tunnel No. 3: 

Fed. 

1. Bed of ferruginous sandstone, containing pieces of hematite in considerable 
quantity . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 25 

2. Soft yellow sandstone to top of cut at tunnel. ................................ 14 
3. Thin-bedded yellow and white sandstone lu.yers 2 inches thick, crumbles to sancl 

on exposure, contains seams of iron ore. . .. . . . • . . . . ~ • .. . . . . . . . . . • . . . . . . . . . 3 
4. Thick-bedded yellow sandstone, layers 2 feet thick.. • • . . . • • . • • • • • • . • • • • . • • • . . • 10 
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Feet. 
5. Thin arenaceous, calca.reous shales, contain fucoids ..••.•••...........•..••... ·. 6 
6. Soft, yellow, friable san~lstone, beds 2 feet thick.............................. 8 
7. Hard, calcareous sandstone, beds 3 feet thick .......• •'· ..........••. ~,........ H 
8. Thin-beddeclsandstone, containing some lime ...... ·.·..... . . . . • • . . . . . . . . . . . . 2 
9. Ha.rd, concretionary blue sandstone, contains Dicellocephalus jlf.innesotensis and 

fucoids ..........•.......••....••••......•...••..•..........••....•..•.. · 3 

Total thickness ......... ·. . . . . . . . . . • . . . . . . . . . . . . . • . . • . . . . . . . • . . . . • . . . . • . 80 

Water is very abundant at this tu'nnel, and comes out entirely on top 
of bed No. 7. The calcareous s.andstone se,ems to. be impervious to" 
water, or nearly so. The beds dip to the south, and the flow of water 
appears to be froni the north, and being cut off by the tunnel, issues 
chiefly from the north side, but very little tlowing from the south 
side. 

Exposures of the 'Pot~<lam. From the observations made during 
the field work, the following list has been selected, which contains · 
some of the finest exposures of Potsdam sandstone in the state. 

(1) On Melancthon creek, in sections 22 and 27, T. 12, R. 1 E., wh~re it joins Pine 
river, are vertical cliffs about 30 feet high, covered with pines. Continuing clown the 
stream, in section 3, T. 11, R. 1 E., is a very fine expostire of vertical cliffs 50 feet high, 
forming an unbroken wall in the valley more than a mile and a half long. The rock is 
white sandstone, with cross-stratification, and ·large vertical joints at very even distan­
ces, usually a bout fifty feet apart. This formation continues to the village of Rockbridge, 
in section 10. At this point the west branch of Pine river joins the main stream. On 
going aro~nd the point of the long narrow bluff, which terminn,.tes here, it appears tl1at 
the two strea.ms ran side by side for a short distance, until the west branch, at one of 
the large vertical joints above mentioned, cut for itself a low arched channel, ·directly 
through the bluff, and joined the main stream. 

(2) There is a fine Potsdam efposure in th~ northwest quarter of section 11, '11
• 10, R. 

4: W., where a small creek enters the Kickapoo. 
(3) On the Kickapoo, in the S. W. quarter of Sec. 27, T. 9, R. 4 W. The top of the. 

Potsdam is here distinctly marked by a bed of white sandstone fifteen feet thick; a.bove 

SnOWING WEATHERING Oll' POTSDAM UNDJm 
LowEn MAGNESIAN CArs. 

it a.re the transition beds, and the ·lower 
beds of the Lower Magnesian. The Pots­
dam is also exposed for fifty feet below its 
junction with the Lower Magnesian, and 
consistc;; of heavy-bedded white and yellow 
sandstones. The.bluffs in this vicinity pre~ 
sent this appearance for a distance of about 
a mile. 

( 4) The Little Kickapoo, in the nortl1 
part ofT. 12, R. 3 W., exhibits many good 
exposures of the Potsdam. 

(5) There are some remarkable exposures 
near Readstown, which show the effect of 
the weather on exposed cliffs. Fig. 3 rep­
resents an outlier of Lower Magneeian, 
supported by rounded columns of sandstone 
formed by the action of the elements. 
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Fig. 4 represents another of these exposures situated at the fork of the creek near the 
center of sec. 7, T. 11, R. 3 W. A is a cap of L~wer Ma~esian .limestone, rmining 

FIG. 4. 
out to a sharp point, 
and supported by the 
columns B. B., of 
white Pctsdam srLnd­
stone. Below them 
is the bed c., of yel­
low sandstone. 

(6} There is a very 
'fine .exposure of Pots­
da~n at.P_eavy's Mill, 
on the west fork of 
the. IG~k~poo, o~ tl~e 
S. E: quarter of Sec. 

!~~~~~~~~~~~~~~~ 
19

, T. 

13

, R. ·S W. 

It is in. a vertical clifl' 
about one ·hundred 
feet high;_ and one 

~~~~thousand feet long, 
and shows· the alter­
nating white.and yel-

low beds very distinctly. 
(7) There are fine exposures along the creek in sections 31, 32, 33, 34, ofT. 15, R. 4 W. 
(8) There are good exposures along the creek near Dorset, in theN. W. quarter of 

section 27, T. 16, R. I W. 
(9) On the N. W. quarter of section 5, T. 17, R.. 1 E., is a high, isolated bluff, which 

is an outlier of Potsdam. · 
(10) Castle Rock, on the S. E. quarter of section 33, T. 18, R. 4 W., is a high outlier 

of Pot<sdam, and fonns a very conspicuous object on the crest of the ridge. 
(11) A short distance below the mill, on the N. W. quattcr of section 26, T. 15, R. 7 

vV., is a fine exposure of sandstone. 
(12) 'llu~1:e are good exposures of Potsdam in the S. E. quarter of section 33, T. 17, 

R. 7W. . 
(1t!) 01i the ~:w. quarter of Section 19, T. 10, R. 2 W., on Knapp creek, the Pots-

dam is well exposed F 5 
in a promi.nent cliff IG_. • 

t1bont 1()0 feet high 
near the side of the 
road. 

(14) T. 12, R. 2 
"vv. There are very 
fine and pictur­
esque exposures of 
the upper portion 
of the foniu'ttion on 
Camp creek in this 
town, and also on 
the KickrLpoo; one of them, Mt. Nebo, situated a short distance north of Viola, IS a 
very conspic.uous object. · 

(15) Towns 13, 14, 15, R. .2 W. In these townships, in the vicinity of the Kickap()\), 
two sets of clifl:'s may be seen: one situated close to the river, and the ot1ilcr consisting of 
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tte upper beds of the Potsdam, near the summits of the hills. The latt~r, w:hen freshly 
quarried, are usually soft and crumbling, but on long exposure to the air, the surface be­

comes mnch indurated, and· 
the stone is used for founda­
tions. The sandstone forming 
the lower set of cliffs often. 
rises directly out of the river, 
md is frequently worn in cu­
rious and fantastic sh:'\.pes 'by 
the action of the water. Fig.· 

· 5 shows one of. these cliff.c; sit­
ua.tecl on the Kiclmpoo river, 
a short clista.nce below the vil­
lage of Rockton. 

(16) There is a fine expo.;.' 
sure of the middle beds of the 
Potsdam in a deep gorge and 
small waterfall on the N. E. 
quarter of Sec. 7, l'. 23, R. 13. 
W. The water falls over a 
ledge of sandstone about 18 
feet high. Fig. 6 is a sketch 
of the locality. 

CuoADE oN TnE N. E. ~ SEc. 7, T. 23, R. 13 W. (17) At Stockholm, on Lake 

Pepin, there is a fine exposure of y~llow, unfossiliferous sandstone on the shore of the 
lake. 

ECONOMICAL PRODUCTS. 

The productions of the Potsdam, which are· of .importance in a~ 
economical point of view, are iron, building stone and mineral waters, 
w bich will be considered in the order given. 

Iron. This mineral is quite abundant in many parts of the terri­
tory examined, .and especia1ly so in the counties of Richland, Oraw­
·rord and Vernon. It usually occurs as hematite. Th~ following are 
the loca~ities where the indications were most favorable for obtaining 
()re. The material for the analyses was selected with great care, by 
taking a large number of small pieces from numerous points in.the' 
outcrop or ore bed, in orde;. to find the average value of the deposit~ 
The analyses are by Dr. Gustavus Bode, of Milw.aukee, and Prof. W. 
W. Daniells, of ~iadison. 

N •. W. quarter, Sec. 12, r.(.IO,"R. 1 W. This is one of the most 
promising localities exami.ned during the season. It lies near the top 
of the ridge which divides I{orse creek from Brush creek. Commenc­
ing where the roa,d crosses the line between sections 11 arid 12, ferru­
ginous sandstone is found, of no value except as an indication. Pro-

. ceeding weshvard, the ore is found in ontcroppings, in a belt fropll50 
' to 200 feet wide, running parallel. to the top of th.e ridge for a dis­

VoL. IV.-4 
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tance of a thousand feet. Going east from the afores8.id line, the 
same belt of ore can be traced nearlya qtJarter of a mile; thence pro­
ceeding south, the same belt and outcroppings are ~ot found for a 
quarter of a n1ile; when they again appear; conforming to the curva­
ture of the ridge. At the southern exposure; the bed affords some fine 
crystallized speCimens. The ore seems io b¢ derived from a deposit 
in one of the upper beds of the Potsdam, and the outcroppings, prob­
ably indicate with considerable accuracy the linear extent of the bed. 
Its thickness and width can only be· ascertained by exploration with 
trenches and pits. ·There is a large quantity of ore exposed on th~ 
surface, in pieces of all sizes, up to thirty pounds in weight, but none} 
were observed in place. The ore is a dark colored and compact hema­
tite. An analysis selected from the southern exposure gave 45l0

3
0 per 

C€nt of metallic iron. An analysis from the mipdle exposure gave 
45r80

3
0 per cent of metallic iron. These results, although not large, 

seem to indicate considerable uniformity in the quality of the ore. 
The deposit is about three miles northw(st of Richland Center. 

S. W. quarter Sec. 7, T. 10, R. 1 E. The ore at this place is a 
bright red hematite, found near the point of a ridge, and derived from 
one of the upper beds of the Potsdam sandstone. Considerable pros­
pecting has been done here by sinking pits through the bed to the 
sandstone below, which indicate that the amo.unt of stripping would 
be from two to three feet, and the thickness of the bed ot ore about 
the same. The bed appears to be continuous so far as traced. The 
·facilities are good for ·removing the stripping, by dumping it over the 
side of the bluff. The ore could be carried to the valley below in the 
same manner, or in· a slide. I am informed that 10,000 lbs. of this ore 
were sent to a furnace in 18'70, and manufactured into ~soft malleable 
iron. The indications are that this is not a very extensive .deposit, 
but from its softness and bright red color, it appears to be valuable 
for a mineral paint; indeed some specimen~ of work were exhibited, 
o~ which the ore had been used as a pigment, which showed a very 
handsome and durable color. An analysis of this ore gives metallio 
iron 42-ro\ per cent. 

A short distance farther up the ridge above mentioned, several holCil 
have been sunk, the principal one being. sixteen feet deep. This passed 
through eight feet of soil and clay, and eight feet of clay and loose 
masses of ore, which appeared to be more compact toward the bpttom; 
but as the shaft did not reach. the lowest portion of the bed, its full 
thickness was not ascertained. The ore is of a dark brown or black 
color, and very hard and.compact. It is derived from the decomposi­
tion or alteration of iron pyrites, as on breaking open some pieces, 
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.the pydt.es .was• in an .unchanged.~;state· in the'.center, and surrotm<ied 
byash~ll.oftheore .. - ;--: ···· . ,·. 

·An analysis. of the·ore ·gave 45tfo per cent. of metallic iron.;· The 
landi·s.si:ti1ated about two·niiles west· of ·Richland· Center.: It. is ledsed 
by Dr. Bnrnham of that place~ bnt owned by soine parties ·in the .. east-
~rn ·states. . r 

· S •.. E. ··quarter Sec. 30,.~\-lO; R. 1 ,E •. ,The .ore·is ·found here in 
small pjeces on the surface, near the upper. part of. the hill: : It.~an 
be traced along the side of the hill, near the to·p of the Potsdam san~­
!'tone,-f~r a:.dista.nc~ .. of ·a,bout 600 feet .. No. prospecting has .. been 
tr.one h~:n~e, consequen.tly:there.are no means of. ascertaini-ng: the. thick­
Jtess qr width of the bed. -The. ore nowhere-appears·. in .place. It··is 
-.lark colored, hard and. compa;ct; and is the prod net of. the .alteration 
t1.f.pyrites .. .An· .. analysis of .the· ore· gives·44 per cent. of .metallic 
). ron. The landis owned by Mr .. Pease, of :Richland .Center: .... 

N. W. :quaJ.•ter Sec: 3I,.T • .1 Q,;R .. l E. This ,ore.is .. an.ear.thy. .. r'ed 
hematite, and is. pr.obably moi:e~valuable for paint than· for·· ir<:>n. '~ It 
is considerably mixed with clay ~nd·sand, and does .not· appear· to. be 
very abundant. It is found near· the. top of the Potsdan~, on the farm 
of Mi< Lewi$. An analysjs of the ore gave 42 T1/ 0 per cent of mc-

"tallic iron. 
N. E. quarter Sec. 19, T. 9~ R. 1 E. Outcroppings of· iron ore 

are quite abundant here, and consist of ·small pieces· of ore which 
·may be traced. from. the road ·in the yalley.to the upper beds of .tho 
Potsdam·, from which. they are.probably ·derived, near:the top of the 
hill on either side .. The pieces are found only:on a narrow belt, about 
fifty feet wide, running. across .. the valley .. It seems-· probable that· 
these·pieces, on.account of the.ir weight and.hardness, have-remained 
from the-den ndation; and now mark the original· course of the-· bed. 
No ore was seen in· place; it .is. all imbedded in the.soil.. ·The ore is 
the usual·altered pyrites, ·har,d and .dank colored,.and gi.ves ·on :analysis 
38 lrh per cent~ of 1'netallic jron. This land is owned· by Mr. A.. C. 
Eastland, of Richland Center. · ·· · f ., . 

. N. E. quarter Se.c. 10, '1'. 11;~.R.·3: W. This is~ the ground oper­
~ted by the Kiclnipoo Mining·. Company., of 'Readstown. Thi's -is· a 
chartered company, :and.,consists ot Messrs. Bliss; presiden-t; 0.' Mor­
ley, treasurer;. Carter,-. secretary. .Othe1: members are .Messrs. Pnr.dy, 
vVaters, Nichols, Gott, and General Rusk, of::Viroqua .. I • • - ... 

: The first work was done in ... the :winter. :of 1872;. and in .. the winter 
o.f 1873 a1~d 187 4.a drift wa:s run into tbe bluff a .distance of fifty feet. 
.The drift was.rnn o~. a level, aQcording to contract, and,.in its conr$e. 
passed obliquely through the ore bed, which dipped toward the hill. 
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The ore lies 'on the surface of the ground, scattered over a consideY. 
able area, and near the top of the Potsdam sandstone; some of the 
pieces weigh as much" as twenty or thirty pounds .. The ore was not 
seen in place, as the drift was c~ved in, and there is nothing. on the 
surface to indicate the dimensions o~ the deposit. The ore is da:rl\ 
colored, hard and compact, much mixed with red clay, and is produced 
by the alteration· of pyrites. An analysis of the ore gives 52-f-lo per 
cent. of metallic iron . 

. N. W. quarter Sec. 8, T. 14, R. 3 W. This is a large surfaced~. 
posit, consisting of clay, pieces of sandstone, magnesian limestone, 
chert, sand,'red white and yellow clays, ferruginous clay (paint), red 
hematite, and the dark-colored ore resulting from the decomposition or 
pyrites. AU the foregoing materials are mixed together in the bed, 
without much regularity, and are in no way connected with the strat­
ified rock beneath and beyond them. 

Mr. Philo Taylor, the gentleman who owns the land, has excavated 
an open cut fifty feet long, and sunk a shaft fifteen feet deep, as rep­
resented in Fig. 7. The shaft has passed through the deposit, which 

. FIG. 7. 

is abont twenty 
feet thick, and 
reached the bed­
·rock below, which 
is Potsdam sand­
stone. Considera­
ble ore o f v e r J 
good q nali ty has 
been taken out, but 

it seems necessary to remove so much waste material, that it would 
not pay to work the deposit as iron ore. In addition to the bright 
·red, soft hematite, there is also found here a plastic red clay, ·which 
is very ferruginous. It seems probable that this clay, in connection 
with the hematite, could be obtained in sufficient quantities to be val­
uable for the manufacture of mineral paint. An analysis of the red 
cJay gives 53)- 000 of metallic iron; an analysis of the red hematite 

gives 49 1
7
0
3
0 per cent. of metallic imn; an analysis of the ore produced 

ft·om pyrites gives 58l0\ per cent. of metallic iron. 
N. E. quarter Sec. 20, T. 14,R. 3 W. This locality is on the 

farm of JVIr. C. \V. Dyson. In one place a cutting of the road has 
exposed a surface deposit containing considerable red clay and some 
fragments of hematite. In examining a small ravine in the vicinity, 
nnmerous pie·ces of·ore were fop.nd. The ore is of good quality, but 
does not app car to be· very abundant; the clay is qulte abundant, but 
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contains only a small percentage of. iron.: An analysis of the ore 
gave 50.82 per cent. of metallic iron; an analysis of the clay ga,·e [l 

per eent, of metallic iron. 
' S. E. quarter Sec. 17, T. 14:, R. 3 ,V. .At this locality, and in 
numerons others in the tO\vnship, the variety of hematite l\nown as 
red chalk or reddle is found in small pieces, in a ravine which forms 
the bed of a stream during rains, but nowhere in sufficient quantity 
to be of much valne. Usually the pieces are too hard to work freely. 
It is known in this section of the country as "keel." An analysis of 
the red chalk from this locality ga.ve 50.24 per cent. of metallic iron. 

In the above mentioned ravine, a nnmber of pieces of iron ore were 
found, \vhich hacl evidently washed down from the •adjacent hills not 
far distant, they were nowhere in sufficient quantity to form a worka­
ble deposit, b~1t serve to show the general character of ore in this 
vicinity. The pieces consisted of the soft red hematite, and the hard, 
compact ore produced from pyrites. An average analysis of the 
whole gave 56.53 per per cent. of metallie iron. 

N. ~V. quarter Sec. 21, T. 13, R. 3 "'\'V. Red clay, ferrug.inous 
sandstone, and other indications of iron were found here n~ar the top 
of the Potsdam sandstone, but no ore bed was founCJ.. 

Corner olsections 15, f6, 21, 22, T. 14:, R~ ~ W •. On the farm 
of :Mr. Kimar, at this place, considerable ore of good qu~lity is said 
to have been found. 

S. "\f. qna.rter Sec. 3, T. 1_4:, R. 3 W. Some very go~d speci­
mens of hematite have been obtained from this locality. 

N. 1V. q narter Sec. ·18, T. 13, R. 2 E. Considerable iron ore of 
fair quality has been found ~n this land, which is the property of :M:r. 
Frederick Frieze. The same kind of ore has also been found.on the 
N. E. qnarte"r of section 18 of the same town and range, on land be­
longing to the River Improvement Company. 

The ore is hard, compact, and dark colored, somewhat similar to the 
ore obtained at Ironton in Sank county. It is .a surface deposit, 
found on the top of the hill, and near the top of the Potsdam sand­
stone, but exactly how near, could not be ascertained, as the Lower 
Magnesian has been denuded. The ore appeara to be confined to a 
place about a thousand feet square, and is found in pieces of all sizes, up 
to fifty pounds in weight, lying loose in the soil. N? shafts have 
been sunk to determine the thickness of the deposit, but in sev~ral 
places holes have beeri sunk two or three feet deep, without goiz:tg 
through it. Appearances indicate tl~at considerable stripping andre­
moval of waste earth would have to be done to obtain the ore. 

An analysis gives 56~~- per cent. of metallic iron. 
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Ironton lllirie. The most valuable and extensive deposit of iron 
ore observed is at Ironton, situated on the S. vV. quarter of Sec. 10, 
T. 12, H. 3 E. 
· This deposit, which produces all the ore consumed at Ironton, was 
discovm~ed ·previously to 1850, but was not worked until that year. 
A fnrnace was 'then erected and iron has been made every year since 
with but one or two exceptions to the year 1873, at which time the 
locality \vas visited. About 25,000 tons of ore had been mined here, 
producing 11,000 tons of iron. The metal produced is of a neutral 
quality, being neither· very hard nor very soft. It is mostly con­
snmed in the interior. 'It is reduced in a hot air blast furnace with 
charcoal. One seventh of the charge is limestone flux; and 130 bush­
els of charcoal are required to a gross ton of metal. The charcoal 
costs eight cents per bnshel. 

The manner of occurrence o~ the ore here is shown in Fig. 8. 

SECTION OF IRONTON DEPOSIT. 

It lies at the base and on the side of the hill. It is found in pock­
ets, filling the interstices between irregular masses of Potsdam sand­
stone of all sizes. It shows no signs of stratification, and the deposit 
probably fills in the foot and side of the hill, but how far it ex­
tends into it is uncertain. 

N. E. quarter Sec. 3, T. 12, R. 2 E~ Iron ore oceurs here in 
1-nasses of a botryoidal and stalactitic shape similar to the Ironton 
deposit. The ore is a brown hematite, and does not have much ocher 
accompanying it. When visited, in August, 1873, the deposit had. 
been ,\·orked but a few days. A shaft thirty-six feet deep had been 
sunk, and considerable ore of good quality taken out. The ore ap­
pears to be deposited over about forty acres of ground. It is situated 

·about eight miles from Lavalle, the nearest railroad station. 
N. W. quarter of' Sec. 10, T. 13, R. 3 E. This was also a recent 

discovery, ·and but little ore had been talwn out. This seems to be a. 
surface deposit similar to the Ironton bed, and the ore is also a hem-
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atite. It docs not occur in the stalactiti~ shape, but has a more crys­
talline structure. Casts of long, hexagonal crystals are found in some 
pieces. No limestone was found in the immediate vicinity, whieh is 
qisadvantageous in view of reduction near the bed. An analysis of 
the ore gave 59.21 per cent. of metallic iron. 

Indications of ore are freq nent in outcrops and fragmentary pieces 
which may be found on nearly a11. the hills in this vicinity, and many 
undiscovered deposits simDar to those already described. probably 
exist. 

On tbe S. E. quarter of Sec. 13, T. 11, R. 4 E., is also a recent 
discovery. An excavation 'has been made about 8 feet deep, 6 feet 
wide aud 25 feet long, from ~.vhich considerable ore has been taken. 
t:;ome pieces were' ouserved of good quality, but most of the ore 
seemed to be a ferruginous sandstone. It is probable, from the lay of 
the ground, that no large body_ of ore exists here. Analysis of this 
ore gave 58.59 per cent. iron. .. 

Center of' Sec. 15, T. 12, R. 3 E. An analysis of the ore gave 24.48 
per cent .. of iron. The locality is on the road from Iro~1toti to. San­
dusky. Quite numerous fragments were seen at this place. It is 
probable that the formation:of the deposit is similar to that at lrpnton. 

N. W. quarter Sec. 28, 1'. 11, R. 3 E. A short distance north 
of the village of Sandusky, quite a nm~1ber of spherical concretions of 
ferruginous sandstone we~·e found. They are not valuable as iron ore, 
but rather

1

as geological curiosities. An analysis of one of the.m gave 
iron 23.26 per cent. 
~.E. quarter Sec. 22, T. 10, R. 3 E. Quite a number of frag- r 

ments of hematite were observed at this place, which is sitnated on 
the ridge, and in the Lower :Magnesian limestone, which would be · 
found convenient as a. flnx, if it were found profitable to manufacture 
it. The ore appeared to be of good quality; the extent of the deposit 
could not be ascertained. An analysis of the ore gave 59.02 per cent. 
of iron. 

Center of Sec. 23, T~ 10, R. 2 E. This locality is situated on. the 
ridge dividing Bear and Willow creeks. There appeared 'to be a 
well defined bed·, from three to six feet thick. It was observed crop­
ping out in several places, and traced in a southwesterly direction 
along the crest of the ridge for nearly a mile and a half. It is possi­
ble that so much stripping of superincumbent rock would have to be 
done that it could not be profitably mined. An analysis of the ore 
gave 31.90 per cent of iron. . 

Quarter post, Sees. 20 and 29, T. 9, It. 3 E. Considerable ore 
was seen. scattered about the surface of the ground at ~his place. The 
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larger part of it seemed to be neai· the junetio·n of the Pot'sdam sand· 
stone and Lower Magnesian. The ore is a hematite, as· is the case in 
all these localities. It is situated about four rniles northeast of Lone 
Rock. Sen~ral varieties of ore were found, of which the following 
are analyses: 

Per cent. 
Analysis No.1 gave iron ............. -..................... · •... · .. 15.24 
Analysis No. 2 gave iron ...•..•••...•.......... :. . . . . . . . . . . . . . . . . 37.95 
Analysis No. 3 gave :U·on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42:06 

In general it may be said of th~ iron ore beds of the Potsdam, that 
they are surface deposits derived from the upper beds of the formation, 
which are often very ferruginous. The ore is often of good quality, 
and tolerably abundant, but usua1ly, in mining, the removal of much 
rock and useless material would be involved. They are in most cases 
so far distant from railroads that they cannot now be mined and 
shipped with profit, especially· when so many iron furnaces through­
out the United States, favorably situ~t~d, and furnished with as good 
or better ore, find it irnpossible·to \Vork except at a pecnniary loss. 

Copper. Ores of this metal are of very rare ocynrrence in the Pots­
dam sandstone, no workable deposits having as yet been discovered. 
A small horizontal sheet of copper pyrites, some\vhat mixed with iron 
pyrites, about an inch thick, was discovered in the bank of the \Vis .. 
cousin river in the S. E. quarter of See. 35, T. 9, R. 1 E. An analysis 
of it gave 13.78 per cent. of metallic copper. 

Building Stone. A Yery good article of building stone is obtained 
from the dolomitic layers of the Potsdam, which are usually fonnd 
about one hundred feet below the upper surface of the formation. The 
stone is usually of a uniform light yellow color, quite hard, and free 
from cavities and irregularities; dresses easily, and, when· £nished, 
makes a handsome buildi~g, and withstands the action of the weather. 
It usually occurs in thick beds, from two to four feet, anrl blocks can 
be obtained of almost any size desired. As these magnesian layers 
are a very per_sistent feature of the formation, they are found and used 
in almost all parts of the country where building stone is required. 
There are several large quarries of it in the vicinity of La Crosse, on 
Lake Pepin, and at other points on the :Mississippi. 

The sandstones of the Postsdam do not usually make a good stone for 
architectural purpose.:;, as they are so soft and friable that they cannot 
be obtained in large blocks, and seldom present planes and joints suit­
able for quarrying. After being exposed to the air, the sandstone loses 
some of its water and becomes harder. The sandstones are seldom 
used f~r anvthing but foundations, and in structures where 1·egular 
blocks are not necessary. 
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Sand suitable for mortar, plastering, etc., can be obtained readily 
from any part of the Potsdam formation. The only objection to 'it 
is, that it is sometimes of too fine a grain for some kinds o'f mortar. 
Much of the saud if' perfectly ·white and very pure, frequently con­
taining as little as two per cent. of foreign matter, usually litJle and 
alumina, and there seems to be no reason \vhy it should not be used 
successfully in the manufacture of glass. It can be obtaineq in man:y 
places of uniform purity and in inexhaustible quantity .. 

ARTESIAN WELLS AND. MINERAL WATERS. 

Sparta Mineral Wells. At Sparta there are twelve artesian wells; 
itll situated within a distance of two miles of the c~ntral part of the 
eity. They all derive their water from the same stratum, and as the 
<•ouutry is very level in the immediate vicinity of Sparta, their depth 
j s uniformly about three hundred feet, and their height of flow fro in 

six to ten feet above the surface. 
It is claimed that these mineral waters will cure a large and varied 

list of diseases; but of this we have no personal knowledge. The 
following is an analysis of the water; made by Prof. J. M. 1-Iirsh, of 
Chicago. 

G-rains in 
. Solids. 010e galton 

Carbonate of iron ...•••..•......••......•... : ........••..... 14.33501 
Carbonate of magnesia ..•.•.•......................... ; . . . . 4. 03101 
Ca,rbonate of lime. . . . . . . . . . . • • . . . . . . . . . . • . . • • . . • . . . . . . . . • . · 0. 40202. 
Carbonate of strontia............ ... . . . . . . . • • . . . . . • • •. . . . . . . . 0.01402 
Carbonate of baryta. . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . . . 0. 00000 
Carbonate of manganese ..................... • • • . • • . . . • • . . . . 0. 00072 
Carbonate of soda . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . 0. 21030 
Carbona,te of lithia .......•.....•••......•••. : . . . • . . . . . . . . . • 0. 02400 
Carbonate of amn10nia .......••..... ·.....••................ 0.00210 
Sulphate of soda ............................•.•..•..... :. . . · 2. 21430 
Sulphate of potassa .............. •......................... 0.64130 
Sulphate of lime ................. ; . . . • .. . . • . . . .. . . . . .. .. . • . 0.18020 
Chloride of calcium ................................. • ~.... 0.60502 
Chloride of sodium ........••••............ ~ ............ : . • . 0 .14301 
Iodide of sodiu1n.......................................... 0.00014 

. Phosphate of soda. . . . • . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 06409 . · 
Phosphate of alumina . . • • . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . 0. 06080 
Silica. . • . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 28000 
Hydric sulphide............................................ 0.00340 

Total. . . . . . . . . . . . . . . . . . . • . . . . .. . . . . . . . . . . . . . . . . . . . . .•.. 23. 21735 
====== 

In this analysis the Bicarbonates are reduced to Carbonates. 
It was found to be impossible .to make a. descriptive section of ·the 
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strata penetrated in sinking these ·wells, no such record havino- been 
b 

kept. General information on the sub-
ject, obtained from the parties who 
sunk the wells, leads to the conclusion 
that the strata consisted entirely of sand­
stone; that the wells passed entirely 
through the sandstone, and stopped on 
encountering the Arcluean rocks; and 
finally, that in all the wells the flow of 
water originates at or near the junction 

· of the Potsdam and Archrean. 
The origin of the water in these wells, 

· and the cause of their flow, may pcr-g 
~ haps be explained on the following 
~ grounds. North and northeast o:f Sparta 
< 
j there is a vast tract of country, rising 
~ 

!:: to the north and sloping to the south 
z 
~ and southwest, in which the surface 
! rocks are Archrean, and the Potsdam is 

not found. The drainage being as stated, 
water would flow over the surface of the 
Arch man, and on reaching the. on tcrop 

.. . of the. Potsdam, a part of the water 
.l ~ would flow over the surface of the 

ground, and a part, sinking through the 
sandstone, (which is porous and easily 
admits of such action,) would flow down 
oveL· the surface of the Archrean, below 
which it could not go. If a 'vell is sunk 
from any point on the surface, as at C 
(Fig. 9.) to the Arclu:ean rocks, it is 

evident that hydrostatic pressure 'vill cause the water to rise in it to 
a height corresponding in level with the poi~t where the pressure of 
water is first exerted on the surface of the Arch::ean, which is repre­
sented in Fig. 9 by the dotted line A D. Such is the theory, but in 
point of fact the water will not rise quite as high, on account of fric­
tion, resistance of the air, etc. Finally, if the surface of the ground 
where the well is sunk is lower than the line of pressure, the water 
wi.ll.flow to a height approximating it; but if the ground is higher, 
the 'vater ,\rill rise in the well until the level of pressure is reached, 
and.the well will not fl'ow. 

The first of these wells was sunk as an experiment in October, 1807. 
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13ince then eleven have been sunk, in and about Sparta, and one in the 
valley of the Leon, about six miles south of Sparta. They are com­
para:tive1y inexpensive, the average cost being $250. 
· Oil City )Veil .. Near the center of theN. -~v. quarter of Sec. 26, 
(T. 15)~ is situated the village of Oil City, otherwise known as Shel­
don and Graham's :Mill. The locality derives its interest from the 
flowing artesian \Vell there, 'situated on the east side of the road. 

· The surface of the ground at the well lies only about four feet above 
the surface of the Kickapoo .. The water rises about twelve feet above 
the surface, in an iron'pipe, and, being confined at the top, spouts out 
on ·an sides with considerable violence; it is then conducted away in 
troughs. It is saiJ. that it will rise to a height of twenty-five feet 
nl?ove the surface, if unconfined. Seasons appear to have no -influence 
.on the flow, although slight variations in the quantity, of a few hours' 
1luration, have been occasionally noticed. The water produces a red,. 
~wlor on the ground, the wooden troughs, and everything with which 
it comes in contact for a long time. . · 

This well .is the result of the oil excitement, which broke out in 
this section of the country in 1866, which caused the. formation of 
several companies to bore for oil, and the leasing of nearly all the 
land in the vicinity; The company which sunk this well was ·com­
posed of seven persons, most of them residents of Sparta. Evidences 
of mineral oil were supposed to have been seen on the s~rface of the 
water in the vicinity; it was probably only the oily scum that fre­
quently appears on the surface of stagnant water, which owes j:ts ori­
gin to the decay of organic substances. 

The following section of the strata, penetrated in boring this well, 
was obtained from .Mr. M. ·Graham, one of the owners of the land on 
.which the \vell is located. 

Feet. 
1. Sand and clay .. ·· ....... :: . .. : . ............... , • • . • . • .. • • • . . • • 10 
2. G-ravel . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . • • • . . • . • • • • . • • • . • • • . . . • 12 
3. Quicksand._ ........... - .......•.•.••..•...•••......• , ...•.• -..... 20 
4. Soft sandstone (the well is tubed to this point).. . . . • • . • • • . • • • . . . . . • • . 30 
5. Hard and compact sandstone. . .. . . . . . . . • • • • . . . . . • • • • • • • . . • . . • • • . • • • 228 
6. Opening from which the main body of water flows ..•.• ·•....•......•• 4 
7. Hard and compact sandstone ...•••.•••.•.•..••.•••..•. , • • • . . . . . . • • 186 
8. Granite . . . . . . . . . . . . . . . . . . . • • . . . • . • • . . . . . . • • • . • • • . . • . . . • . • . • . . • . • 20 

Total depth of well ........•...••• ·: ...•......•.••......•.......••. 510 

Several veins of water were penetrated in boring the well. The 
first of any conseg_uence was. ~0. feet below the surface, at which point 
the well first flowed to a height of five feet above the ground. The 
main body of water wa,s found at a dept~ of 300 feet, at which point 
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the drill dropped four feet, and the water rushed out with great vio­
lence. 

The water is very pure and clear, and has no perceptibie taste, al­
though many persons think it is slightly chalybeate; on being bottled 
for a few days, and allowed to stand, it gives off snlphuretted hydro-· 
gen gas quite frce1y, and has a singularly disagreeable taste. A qual­
itative analysis was m~de of the '\Vater by Dr. Gustavus Bode, of 
Milwaukee, with the following result. l-Ie says: 
. "The water is strongly irnpregnated with sulphuretted hydrogen, 

·and contains sulphuric acid, chlorine, carbonic acid, soda, lime, mag­
nesia, silica:, iron, and alum_ina, t~e latter two in very small quantities. 
The total qua.ntity of salts contained seems not to have been very 
large; m:ost of the salts are probably contained therein as bicarbon­
ates and sulphates." 

· Norwalk Mineral Well. In the village of Norwalk, situat~d in T. 
16, R. 2 W., there is a well 19 feet deep, near the store of lVlr. George 
Siebott, which has a chalybeate taste,· forms a red deposit on every­
thing with which it comes in contact, and on being bottled and allowed 
to stand a few days, it gives off sulphuretted hydrogen. 

Tomah Artesian "ren. In the village of Tomah, situated on Sec. 
4, T. 17, R. 1 W., is an artesian well, of which the following section 
was obtained from information furnished by Mr. George Lea and 
others: 

Feet. 
1. Soil and clay... . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • • . . . . . . . . • . • . . . . • 25 
2. White and yellow sandstone . . . . . . . . • . . . . . . • • . . . . . . . . . • . . . . . . . . • • 375 
3. Gray rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . 17 
4.. Red rock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . ............ _. 35 
5. Soft, green chloritic rock.......................................... 10 
6. Very hard micaceous rock ............... ·· . . • . . . . . . . . • . . . • • . . . . . . . . 30 

Total depth. . . . . . . . . . . . . . . . . • . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . 492 

Nos. 5 and 6, and perhaps Nos. 3 arid 4, of this section are probably 
in the Archman rock, but no fragments sufficiently large could be 
obtained to determine. the formation. The well fajled to flow, the 
elevi:ttio~ of' the ground, 390 feet above Lake ~iichigan, probably be­
ing too great to admit of subterranean water rising to the surface. 

La Crosse .Artesian Well. During the year 1876, an artesian 
well was srink at La Crosse, of which the following section has been 
obtained.1 

Feet. 
1. Loose materials .......••.••... -............ . . . • . . . . . • • • . . . . . . . . 170 
2. Shale . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 11 
3. Calcareous sandstone .................••.....•..•..•.... · .. · . • . • . 145 
4. Very coarse white sandstone. . . . . . • • • • . • . • . . . . . • • • • • • • • • . • . • • . . . . • 201 
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Feet. 

5~ Red marly rock................. . • . . • • . . • • • . . • . . • . . . . • • • . • . . . . • 5 
6. Fine sandstone. . . . • • . . • • . . . . . • • . . • • • . . • • . . . . . . • . . . . . . • . . . . . . • • • • 5 
7. White granular granite. . . . . . . • . • • . .••.••........•...••..••.... ·. • 36 

Total. . . ...... ~ ..•••...•.....•••..•...•...•...•...•.••••.••. 573 

The thickness of Potsdam in the vicinity above the well is about 
400 feet. 

Prairie· dn Chien Artesian Well. During the winter of1875-76 
an artesian we1l was sunk at Prairie du Chien, of which the follow­
ing account :ha<3· ·been obtained frorn information furnished by ~Ir. 
liorace Beach ·of that place. The strata penetrat~d in sinking the 
well are as fol]o,vs: 

Feet. Inches. 
1. Sand ancl gravel ....•••...........................•........ 147 
2. Pine light blue chty ......••...••.•••............. , . . . . . . . • • • 2 
3. Hard arenaceous limestone. . . . . . . . • • . . . . . • . . . . • . . . . • . . . . . . 2 
4. Blue grit ..... :...... . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 6 
5. Bluish-green, argillaceous shale . . . . . . . . . . . . ............... 107 
6. \¥hite friable sandstone, alternating with hard streaks . . • . . . . . 118 
7. Blue grit.................................................. 35 
8. Shtte roek. . . .. . . . . . . .. . . . . . .. . . . . ... .. . . . .. . .. . . .. . . .. . . • 65 
9. Reddish and yellow-ochery sandstone ............ :. . . . . . . . . . . 6 

10. Shaly rock .............. :......................... • • • • . . . . 24 
11. White sandstone . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . • . 4 
12. Slaty rock. . . . . . . . . . . . . . . . ........ .' ..... ~. . . . . . . . . . . . . . . 75 
13. Sandstone . . . • • . . . • . . . . . . . . . . . . . . • . . . . . . • • . . . • . . . . . . . . . . • . 310 
14. Reel S<Lnclstone ....•............................•.. · · · · . . . . . . • . 45 
15. Conglomerate of white, waterworn, quartz• pebbles............. 5 

' 16. Coarse sandstone. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • • ~ 0 

Total thickness. . . • . . . . . . . . . . • . . . • . . . . . . . .. . . . • . . . . . . . . . • . 959 2 

The diameter of the \Ve1l is 5% inches, and it is tubed with wrought 
iron pipe through the first and second numbers of the above section, 
and 18 inches into bed No. 3. 

The water rises in the tubing 60 feet above the hill where the weU 
is situated, and about 100 feet above the level of the :Mississippi 

· river at low water, and discharges, by measurement, 869,916 gallons 
in 24: hours. The water· is clear and sparkling, a little brackish to 
the taste, and has a temperature of 56° F~th. at the surface. 

In bed No. 6 of the above section, at a depth of 268 feet from the 
surface, the water flowed to the top of the tubing, continuing to ill­
crease throngh the stratum. 

In bed No. 8 the water increased, and in bed No. 11. a vein of brine 
was struck; f1·om bed No. 13 to the bottom of the well the amount 
of water was greatly increased. 

1 I am indebted to Prof. Chamberlin for the above sct~Lion. 
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With regard to the source of the water in the well at Prairie du 
Chien, it may ·be-remarked that the strata rise gradually t~ the north, 
and ve1~y rapidly to the.·east for a few·miles; so that it is not impossi­
ble that the flow of the water is in this case from the east or north­
east, although it cannot be iegarded as certain. 

The surface c~r the river valley at Prairie du Chien is but a few 
feet below the upper surface of the Potsdam, and from the shallow­
~less at which flowing water is obtained, we must infer that the water 
is not exclusively derived from the upper surface of the Archamn 
1·ocks- as is the case with the wells at Sparta- but from several dif-
ferent layers of the sandstone. · 

The eleva6on of the ground at Sparta, on which the wells are sit1l­
ated, is 215 feet above Lake :Michigan. At La Crosse the elevation is 
75 feet, and at the Prairie du Chien well, 64 feet. _There is therefore 
an antec.edent probability that flo~ving \Vel~s conld be obtained in the 
va1ley of the La Crosse river from Sparta to its mouth; in the valley 
of the :Mississippi from La Crosse to Dubuque; in the valley of the 
Wisconsin from ,its mouth to Arena; and perhaps in the lower parts 
of the Grant, Platte ~nd Pecatonica rivers. There are, however, lia­
ble to be exceptions to this, of which the failure to _obtain a flowing 
well at La Crosse is an instance. 

Jordan Mineral '\fell. A well, said to possess medicinal qualities, 
is situated in the village of Galesville, in Trempealeau county, at the 
residence of Dr. 1rV m. M. Young. The ·well is situated on the upper 
table or flat on which the village is built, and lies in the valley of 
Beaver creek. ·The well js sixty-five feet deep; it 'vas sunk for house­
hpld purposes, and does not :flow. The following analysis of the wa­
ter was made by Dr. Bode. 

GraiM. 

Chloride of sodium . . . . . . . . . . • • • . .. . .. . . . . . • .. • • . • .. .. . . . . . . 0.179.2 
Sulphate of soda............................................... 1. 9744 
Bicarbonate of soda . . . . . . . . . . • . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 8904 
Bicarbonate of lime ........ -. · .•........... ·· . . . . . . . . . . . . . • . . . . . • • 6. 5000 
Bicarbonate of magnesia ........ ·. . . . . . . . . . • . . . • . . .. . . . . . . . . . . . . . • 8 .1632 
Bicarbonate of protoxide of iron . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 2. 6632 
Silica. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . 0. 2880 
Alumina. . . . . . . . . . . . . . . . . • • . . . . . . . . . . . • . . . . . • • . . . . . . . . . . . . . . . • . 0. 6832 
Organic 1natter................................................ 0.4816 

Total soljd salts in one gallon ................................ 21.8232 
====== 

Fine springs are very common in the Potsdam formation. They 
usually escape from the surface of some clay layer, or some close­
grained sandstone. Their water is usually much softer than that of 
the springs in a limestone region. A number of them were tried 
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with a thermometer, and their temperature was always between forty ... 
six and forty-nine degrees Fahrenheit, or about the average tempera· 
ture of the earth near the surface. 

PALEONTOLOGY. 

It is not the intention in this portion of the report to do anything 
more than to indicate briefly the species found, and to describe the 
localities where they may be obtained, for the benefit of collectors 
and others who are interested in this branch of the science. For full 
descriptions and lists of fossils, the reader is referred to the paleono 
tological section of the report. 

List of Localities. 

Section 6, T. 13, R. 3 W. In this section, and at many other places on the west 
fork of the Kickapoo, there are beds of greensand and friable sandstone, containing 
numerous fucoids and fucoidal impressions. 

Sections 20 and 29, T. 14, R. 3 ,V. The sandstone about the creek contains frag 
ments of DiceUocephalus, Lingu.la and Fucoids. 

T. 14, R. 1 E. In the vicinity of Hillsboro in this town, Scolithus are quite numer­
ous in the Potsdam sandstone ledges about the river. 

N. \V. quarter Sec·. 15, T. 18, R. 6 ,V. Specimens of Dicellocephalus were ob­
tainedJrom some thin bedded sandstone, by the side of the road, near the summit of 
the ridge. 

N. ,V. quarter Sec. 27. T. 18, R. 9 W. Trempealeau Mountain. This is an ex­
~ellent locality from which to obtain several species of Lingula, and at the height of 110 
feet above the river is a layer containing numerous good specimens of small trilobites, 
and fragments of large ones. 

S. :K quarter Sec. 4, T. 18, R. 8 ,V. On Beaver creek. A small white Lingula is 
quite abundant at this locality. 

N. E. quarter Sec. 29, T. 18, R. 7 W. Fine specimens of Lingula and small 
tr-ilobites were obtained from an exposure of thin-bedd!=ld sandstone, in a small hill by 
the side of the road. 

S. }j, quarter Sec. 3, T.18, R. 8 W. At Gales Ferry on Black river. At theferry 
used in low water, on the north side of the river, some strata of Potsdam crop out nea1 
the surface of the water, which are full of fragments of Obolella polita and trilobites. 
The sandstone is rather soft and friable, and contains only casts of the fossils, the shell 
m most cases being removed. Fine specimens were obtained here of several varieties 
of IA.ngula, and some small trilobites. Some of the sandstone higher up in the bluff is 

, full of small white Obolella shells, about one eighth of an inch in diameter .. 
N. ,V. quarter Sec. 25, T. 19, R. 9 W. rrhis is in the valley of the Trempealeau 

river. There are numerous exposures of sandstone containing Obolella poUta, by the­
!lide of the road in this quarlBr section. 

N. W. quarter Sec. 33, T. 19, R. 8 W. At the mill in the village of Galesville, 
and in the bluffs which border the stream to the bridge below. This is an excellent 
tocality from which to obtain Obolella polita,fucoids, and small trilobites. The sandstone 
here belongs to the lower members of the Potsdam. 

Quarter post Sees. 33 and 34, T. 20, R. 8 W. Fine specimens of large and small 
Lingula shells and casts, and a few t1'ilobites were found here. The sandstone is so soft 
that it is somewhat difficult to procure specimens, but it becomes hm·der on exposure. 
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S. W. quarter Sec. 23, T. 19, R. 7 W. Obolella shells are found in nearly all the 
sandstone exposures about Hardy creek, .in this vicihity. 

N. W. quarter Sec. 29, T. 20, R. 10 ·\v. Small but good specimens of Obolella 
are found in the red sandstone in this vicinity. · ' · 

S. ,V. quarter Sec. 23, T. 25, R. 13 ,V. By the side of the main road are expos· 
ures of dark colored sandstone containing several species of trilobites in great abund4 

ance. 
/ I 

The foregoing are some of the best of the localities discovered during 
the field operations. They are all convenient of access, and will repay 
examination. The northern part of La Crosse, and the southern part. 
of Trempealeau counties have been much more prolific of organic 
J.•emains than any other part of the territory examined. In Crawford, 
Richland and Vernon counties, the occurrence of fossils in the Pots 4 

dam is comparativelr rare. This leads to the inference either that 
the conditions under which the strata weredeposited were unfavorable 
to organic life; or that after the shells were deposited, their calcare­
ous matter was removed by water percolating through the sandstone, 
so that no further· trace or memorial of the shell remains. The latter 
of the two suppositions appears to be the more probable, as casts are 
occasionally found in nearly all the members of the formation. 

LOWER MAGNESIAN J;IMESTONE. 

The country in which the Lower Magnesian is the surface work, 
constitutes the greater part of the ridges and valleys about the hea~s 
of the small streams and ravines. Its geograph~cal area is about equal 
to that of the Potsdam. It is an important formation, not only on 
account of the large territory it covers, but also because by its decom­
position it produces a rich and fertile soil on the ridges, and being 
washed down into the valleys it fertilizes the otherwise barren sanq 
derived from the Potsdam. 

In the valley of the Mississippi there is no formation which -pre~ 
sents finer or more frequent exposures. Its hardness, and the frequent 
joints it contains, predispose it to form th~ lofty cliffs and precipices 
which form such an impressive feature in the scenery of the river. 

At Prairie du Chien the upper and middle portions are exposed~ 
but the entire thickness is not seen until about six miles above th\3 
town, when the lower layers are exposed. Proceeding up the river, 
the formation constantly occupies a higher position iu the bluffs until 
in the vicinity of Black river it is found only in thin outliers, cover:. 
ing the most elevated points. . 

The northern outcrop of the Lower Magnesian forms an extremely 
irregular line. Beginning with T. 16, R. 1 E., it may be traced west­
ward nearly to the mouth of the La Crosse river. From here to the 
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Trempealeau river is ·a wide tract of country from 'which the form~­
tron has been nearly eroded, and· re·mains only. in thin and widely ·sep­
m·ated outliers. 

On ente1·ing Buffalo county in its sol.1theastern p~u·t, on account of 
the in('.lleased ~leight of the country and the gradual slope of the strata 

. to the northwest, the Lower :Magnesian limestone appears in a thick­
ness of from 100 to 200 feet, forming high cliffs and escarpments 
along the .Mississippi from the Tre~npealeau to the Chippewa river~ 

The northern outcrop of the formation· in Buffalo county lies par­
allel to the ::Mississippi and about 18 miles qistant from it. On ap­
proaching this line a marked change is seen in the topography of the 
country. The valleys are much wider, and the hills not so high or so 
steep as near the Mississippi. Probably this appearance resnlts from the 
original thin deposit of the limestone near its Hne of outcrop; which be­
ing worn away sooner than in the south part of the county;· the sub­
sequent erosive action took effect on the softer Potsdam; thus in the 
same period of time making wide valleys in the northern part of the 
county and narrow ones near the Mississippi where the thickness of 
the Lower :Magnesian limestone was greater. 

In Pepin county the bluffs are somewhat lower and more retreating, 
and do not afford so many fine exposures of the formation. In Pierce 
county, from :Maiden Rock to Diamond Bluff, the exposures are un-· 
excelled, both on the Mississippi and its tributary streams, and a few 
miles below Prescott it ·becomes the surface formation of· the greater 
,part of the country. 

Lithological char_acteristics, This ·limestone is always light col­
ored, embracing all shades of yellow and gray, and is sometimes per7 

fectl y white. 
In texture the Lower Magnesian is always very hard and compact, 

the separate grains of which it is co~nposed being seldom distinguish­
able. It usually presents an indistinct crystalline appearance, but the 
crystals are never large·e·nough to present distinct faces or a cleavage. 
The only· exception to this is the occasional occurrence of small cavi­
ties in the limestone,. which are sometimes lined 'vith small crystals 
of calcite or bitter spar, and very rarely contain iron pyrites. 

Exposerl surfaces of this formation always weather very irregularly 
by the removal of the lime through the usual atmospheric agencies; 
small irregular cavities and hollows are thus formed in all parts, and 
in cliff exposures small holes and caves are sometimes seen, usually 
penetrating but a short distance: 

Cbert. Another characteristic featiue of the Lower :Magnesian 
limestone is the occurrence of beds of chert, interstratified with the 

VoL.lV.-5 



66 GEOLOGY OF THE MISSISSIPPI REGION. 

rock, appearing in large isolated masses, and in separate nodules 
disseminated through it. The chert is not confined to any particular 
part of the formation, but is most coinmon in the middle beds, and 
less frequent in the upper and lower beds. Its surface is often cov­
ered with the points of small but distinct crystals of quartz, and when 
cavities occur in it, they are often lined in the same way. Such caY­
ities sometimes occt1r which were formerly occupied by shells, that 
have been removed and replaced by the drusy qua:ttz, and still exhibit 
the general features of the shell. Prof. Dana, in his Manual, thus 
explains the formation of flint nodules or chert (pp. 47 4, 698): "The 
silica was distributed tlirough the calcareous mud of the sea bottom· 
in the form of D1:atoms, p(,lycystines, and the silicious spicules of 
sponges, and therefore was in the soluble state; and the solution of 
this silica took place within the mass of the deposit. The tendency­
of matter of one kind to concrete together led to the forming of fli-nt­
nodules; and the tendency to aggregation aro.und some foreign body 
as a nucleus, especially when such a body is undergoing chemical 
change or decomposiq.onJ explains the frequent occurrence of fossils 
within flints." 

In the country bordering the Mississippi, above the Trempealeau 
river, the Lower l\iagnesian does not contain nearly so much chert and 
other silicious material as in the southern part of the state. Calcite 
is, however, of more frequent occurrence. In the bluffs near Foun­
tain City, in Buffalo county, it exists in small irregular layers and 
masses of a few inches in diameter, quite transparent ~nd cleavable, 
filling cavities of the rock and sometimes giving it a brecciated ap­
pearance. 

The composition of the Lower Magnesian is somewhat _liable to va­
riation in different parts of the formation. Usually, however, it is a 
highly magnesian limestone, and its average composition is as follows: 

Carbonate of lin1e ..............•...•..•............................. 51 
Ca.rbonate of magnesia. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Water, insoluhle matter, oxide of iron and alumina.................... 8 

Total ................... .' ............................ : ....... 100 

The fo~D;lation of n1agnesian limestone is attributed by Dana 1 and 
others "to the reaction of the magnesian salts of the ocean's waters, 
in evaporating basins, on the calcareous material of the bottom. The 
magnesia can have come only very sparingly from corals, shells, or 
other calcareous relics, animal or vegetable, and must therefore, have. 
been introduced from outside. As the dolomites are of all ages, in· 

1 Dana, 1\Iauual of Geology, p. 696. · 
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elude the majority o£: the earth's limestones, and have often· a wide 
continental extent, no magnesian mineral springs can be adeq mite for 
their production, excepting the great ocean itself." 

The lower beds are much more arenaceot~s than any others of the 
formation; as they contain considerable' silicious sand, apparently de­
ri vecl from the Potsdam. These sanely beds, however,. seldom extend 
more than a few feet above the upper surface of the Potsdam: 
·The Lower :Magnesian always overlies the Potsdam conforn,1ably; 

that is, no denudation of the latter appears to have taken place before 
_the former was deposited. The line of demarcation between the two 
formations is sometimes very distinctly defined by beds of _limestone 
devoid of sand, overlying the white sa1ulsto1te of tlw Potscla1n. The 
transition beds are, however, usually present, and the Low~r :Magn~­
sian sometimes graduates almost insensibly into the Potsdam. 

The stratification of the Lower ~Iagnesian is very regular and uni­
form; in some 9f the exposures, as in the clif:Es along the ~iississiJ..>pi 
river, the same beds can be traced continuously for long distances. 

As a general guide to the formation jn the country examined,· the 
following section is inserted; The section is ·designed to show only 
the gene:ral composition of the forrnation, and it is not to be inferred 
that each individual layer or its equivalent can be found in any part 
of the country. · For instance, the flints in layer No. 16 must be re­
garded as lq,cal, as it is not usual to find-them ~n such large quantities 
so low down in the formation. · · 

Section No. 6. 

Section of a bluff in the :Mississippi valley, S. E. quarter Sec. 6, T. 
7, R. 6 W.: 

1. Slope of hill covering Lower Magnesian limestone .........•.••.•..• 
2. Hard, flinty, light-colored limestone ............................. . 
3. Heavy-bedded limestone, with disseminated flints. . . . . . . . .... : . ... . 
4. Beds of yellow limestone from one to bvo feet thick containing no flint. 
5. Limestone containing numerous flints ............................ . 
6. Beds of limestone without flint. Layers from one and a half to two 

feet thick. Good building stone. . . . . . . . . . . . . . . . . . . . . . . •...... 
7. H;eavy-bedded limestone with irregularly clissiminated flints. Hard 

and con1pact ....................................••..........•. 
8. Limestone containing regular layers of flint .............• · .......••• 
9. Alternating beds of limestone and flint ......•...........•.......•• 

10. :E'ine-f,~Tainecl, light-colored limestone .................•. ~ ••..•... .'. 
11. Slope of hill covering limestone ........... ~ ..................... . 
12. Quany rock, consisting of thin beds of limestone, each one foot thick, 

containing no flints.. . . . . . . . . . . . . . . . . . • . . . . . . . . . ...••.••••.... 
13. Heavy beds of limestone, str~ak!=ld with light-colored bands. . . ..... 
14. Alternating beds of limestone and flint, the latter being in layers some-

. times three feet thick ....••..• , ..•... · ••.....•••.•••......••.... 

Feet. 
45 
15 
10 
8 
5 

7 

14 "" 
24 
15 
3 

16 

3 
7 

22 .. 
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~-~r1t. 

15. Hard, light-colored limestone .... , .. ·.. . . • .. . . . . . . .. . . .. . . . . • • • . . . . B 
16. Bed~ of flint, from s,ix inches to two feet thick, altemating with thin 

layers of limestone to the bottom of the hill. .. _ ...•....•....•..• ·•• 10 

Total .........•••.....................•......•••......••. 207 

The bottom of this section is not far from the top of the Potsdam, 
although it is not exposed in the immediate vicinty. 

Thickness. The greatest thickness which the Lower Magnesian is 
found to attain anywhere north of the vVisconsin river is in the north­
ern part of town 12; range 6 west, where it is two hundred and fifty 
feet thick. The least thickness observed was one hundred feet; this 
occurred in the N. W. quarter of Sec. 5, T. 9, R. 5 vV. Its average 
thickness may be stated at about one hundred and seventy-five feet 
These measures of thickness refer to localities where the formation is 
ove~laid by the St. Peters. 

Unconformability. From the foregoing measurements it will be 
seen that the Lower Magnesian is subject to great variation in its 
thickness, which can only be satisfactorily explained on the theory 
that the St. Peters sandstone is not conformable to the Lower Mag­
nesian, as has been discovered by Prof .. Cham berlin in the eastern 
part of the state. No single outcrop has been seen in the western 
part of the state which satisfactorily exhibits this unconforp1ability, yet 
the great 'differences in elevation of the upper surface witl4n short dis­
tances, combined with the regular and undisturbed stratification, can 
only be explained by the above supposition. 

Exposures. The following is a list of localities, where the expo­
sures at the Lower Magnesian limestone offer facilities for the study. 
of the formation, or where some local peculiarities exist. 

In Sedions 16 and 17 o(T. 15, R. 3 w·., in the.vtilley of' a small stream. The 
Lower Magnesian crops out in a series of ledges from ten to thirty feet high. The en· 
tire thickness in this vicinity is one hu:totdred and fifty feet, and nearly all parts of tha 
formation are exposed in the various outcrops. Numerous handsome isolated pillars ex· 
ist in the sides of the valley. 

S. ·E. quarter Sec. 14, T. 11, R: 3 \V. At this locality ilie junction of the St. 
Peters and Lower Magnesian is clearly marked by a bed o~ soft, yellowish-white clay, 
a,'tout four feet thic~. This clay resembles the pipe clay of the Trenton limestone, found 
in the Lead region. 

At DeSoto, on the Mississippi·river, the Lower :Magnesian limestone affords a fine, 
close-grained and durable building stone. It is of a ve~y light color, and often nem:ly 
white. 

N. E. quarter Sec. 26, T. 13, R. 5 \V. In the village of Springville, and along 
the banks of the stre~n a short distance below the village, the Lower Magnesian pre· 
sents ·good outcrops and is extensively quanied. It occurs in beds from one to four feet 
thick,· of a light yellow color, free from flints, and makes a very handsome building stone. 
It is much used for foundations. 
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T. 14, R. 6 'V. Along thp Raccoon crce k are numerous good exposures of the lower 
·beds of the formation. 

Section 6, 'f. 7, R. 6 ,V. There a.re ma,ny fine cliff exposures of Lower Magnesian, 
overlaid with bluffs of St. Peters. 

N. ,V. quarter Sec. 18, T. 8, R. 6 ,V, Along the Mississippi river there a.re long, 
continuous cliff exposures of the formatjon, overlying the upper beds of the Potsdam, 
and affording good opportunities to examine the transition beds. · 

At River l!..,alls, in Pierce county, the river flows through a deep and narrow gorge 
m the Lower Magnesian, m.aking several small ~ails with fine and extensive exposures 
of the formation. 

The foregoing are a few of the finest of the many exposures with 
·which the country abounds; in general they may be found on all 
·otreams, and particularly along the valley of the JVIississippi. There 
is, however, much sameness about these exposures, and they are not 
as interesti~g as)f search in them was awarded with fossil remains. 

ECONOMICAL PRODUCTS. 

No very extensive or valuable deposits of metallic ore are found i~1 
the Lower Magnesian formation in the southwestern part of the state. 
A few localities of copper and lead exist, which show that the forma­
tion is not entirely destitute of metallic contents .. Economically. con~ 
sidered, this formation is most useful in affording good building stone 
and lime, both of which articles are abundant in all parts of the 
countt~y where the Lower :Magnesian limestone becomes the surface 
rock. 

Copper. Traces of this valuable metal are found in many places 
in the Low~r ::Magnesian, and it c1oes not seem to be confined to any 
particular stratum of the formation. Small pieces have been picked 
up on the side hills, and in the dry beds of small streams, which on 

· analysis have yielded very fair results. Copper is also occasionally 
seen in small seams in some of the cliff exposures of the formation; 
bnt it is not present in large and inexhaustible quantity. It some­

_ times occurs combined with sulphur, but never in its native state. 
_The principal localities where ores of this metal are foupd are the 
following: 

Pluu1 Creek Copper )fine. The lands in which copper has been 
found in this vicinity are the N. E. quarter of the S. W. quarter and 
theN. vV. quarter of the S. E. quarter of section 26, T. 8, R. 5 W., in 
the valley of Plum creek, 3. small tributary of the IGckapoo, and 
about two miles above its junction with that stream. 

The existence of copper ore at this place bas been known for the last 
twenty-five years, and small quantities have been from time to time ex­
_tracte.d; but it was not until the year 1860 that any systematic attempt 
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at mining \vas begun. The fo1lowing items of ownership and opera­
tion \vere obtained from ~1:r. John Coil, a gentleman re_siding on the 
land: The land was bought in the year 1858 or 1859, by a company 
of five gentlemen, residents of New York city, who commenced work in 
1860, and abandoned it in 1861, on account of the civil war. The 
time of their operations extended over a period of nearly two years; 
·since which time no work has been done. The operations of this 
company seem to have been only preliminary steps, and consisted in 
sinking a great number of prospecting holes, from ten to thirty feet 
deep, in nearly all of which small quantities of ore were obtained. 
The holes are still to be seen at various places on. the side of the hill, 
from the top to the bottom. After doing this prospecting, the com­
pany concentrated their efforts at a point on the side hill about one 
hundred and fifty feet above the upper surface of the Potsdam, and 
excavated a horizontal. drift for a distance of two hundred feet into 
the hill, the course of which was nearly southeast. 

During the progress of this drift considerable ore was obtained, 
some of which was found lying about the entrance, at the time the 
mine was examined. The ore was found in small veins crossing the· 
drift, and in pockets; it is of ~dark brown color, and is .much mixed 
with iron, containing also considerable malachite or green carbonate 
of copper disseminated through it in small grains and nodules. The 
malachite has frequently a radiate structure and ·sometimes affords 
good cabinet specimens. In its present condition there is not much to 
be seen at the n1ine. The drift and shafts have all fallen in and only 
serve as evidence of former work. 

It is not known how much ore has ]?een obtained here; but I am 
informed that two car loads were shipped, and that it was cus.tomary 
to burn it before shipping. 

An analysis of this ore from specimens selected at the mouth of the 
drift gives 101V0 per cent. of metallic copper. This is a very small 
Tesult, and Dr. Owen in his report of 1851, states that analyses made 
by him of. copper ore from this locality gave from17 to 23 per cent. 
of metallic copper. 

Copper Creel\: Mine. N. E. quarter Sec. 34:, T. lO,R. 5 W. The 
diggings of this locality are situa~ed about three-quarters of a mile 
southwest of the village of ]fount Sterling, and on the side of a hill 
sloping toward one of the branches of Copper creek. The deposit 
W::}S qiscovered in 1843, by }.fr. vVilliam T. Sterling, a resident' of the 
:village, from whom 1nost of the following information was obtained. 

The deposit was first worked by :Mr. Sterling and Mr. George Mes. 
· se1:smith, paying a tribute of one.sixteenth to the government. Du· 
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ring this time a specimen was sent to the patent office weighing three 
hnndted pou.nds. In the course of these operations twenty thousand 
pounds of ore were taken out; the best part of the deposit appeared 
to be exhausted, and work was suspended for two years. Some of the 
ore obtained by them was taken to Mineral Point and reduced in the 
.furnaces at that place. 

In 1846 the ground was leased to a German company, who worked 
it about a year, their work being chiefly drifting and prospecting, 
after which time they abandoned it as unprofitable. 

The property remained idle until 1856, when it was leased to a 
New York company, who worked from May to September, producing 
twenty thousand pounds of ore, at ~ cost of about four thousand dol­
lars; since vvhich time the land has never been worked, and is now 
held under a tax title by the heirs of A. W. Pelton. 

Such, in brief, is the history of running operations at this place. 
At present, there is nothing to be seen here except a few deep shafts 
and numerous prospecting holes. The shafts and underground work­
ings are caved in and impassable. The mining appears to have been 
confined to the Lower :Magnesian formation, and most of the ore was 
fo~111d high up on the hill, lying on the vvest side of the divide which 
separates the Kickapoo river from the :Mississippi. 

Of the manner of occurrence of the ore but little could be learned, 
e~cept that it was. found in loose ground, lying between a nearly verti­
cal wall-rock of limestone, having a north and south course, and the 
western side of the hill. It does not seem to have formed a well de­
fined vein, but rather an irregular bed conforming to the surface of 
the ground. Considerable ore in detached pieces, or float, was also 
found in the immediate vicinity. 

Satisfactory specimens for analysis could not be obtained from this 
locality; a single specimen was presented, which gave 17.09 per cent. 
of metallic copper. As this cannot be regarded as a fair average, the 
following analysis is inserted from Owen's Report of 1852: ~ 

Water........................................................... 11.2 
Carbon acid . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 0 
Insoluble silicates, with a trace of oxide of iron . .. • .. . • • .. . .. .. .. . . . . 8. 3 
Protoxide of copper. . . . . . . . • . . . . . . . • • • . . • • . . . . . . . . . . . • . . . . • • . . . . . 25.0 2 

Protoxide of iron. . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . • . • 48. 7 
Protoxide of 1nanganese ....•••......••..••................. ,' . . . . . • . 2 
Alu1nina................ .. • . . . . . .. . . . . • • . • • •. • . •. . . .. . . . . . . . . . • • .6 
Carbonate of lin1e. . . . . . . . . . . . . . . • . . • • . . . . . . • • . . • • . . . . • • • .. . • • • . • . • . 8 
Loss .......••••.....••..•••.. _ ••..••••••..... ·.. .. • • • • . . . • • .. • . • .2 

Total ...........................•••.....•••..••..•......... 100.0 

1 Owen's Geological Survey of Wisconsin, Iowa and ~:Iinn!Jsota, p. 54. 1119.87 of metallic COPl~!lr. 
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· N. E. quarter Sec. 35, T. -12, R. 4:_lf. · On the side of one of 
the bills near the center of this tract there are a great number of 
shallow holes, said to have been sunk about twelve years since in 
search of copper. Whether any was found or not is uncertain. At 
the time they were visited in 1875, nothing could be found except 
some small fragments of iron ore of no value. · These diggings were 
in the inferior beds of the Lower Magnesian. On the opposite side 
of the valley, in the S. E. quarter of sec. 34, T. 12, ·R. 4 vV., near the 
to,vn line, there are similar vestiges -of old diggings; and I am in­
formed, on good authority: that some copper was found here, but the 
precise ·amount is not known. · 

S. E. quarter Sec. 17, T. 14:, R. 3 W. .A piec~ of .copper ore . 
weighing about fifty pounds was found in one of the ravines in this 
vicinity. It was evidently washed down from the adjacent. bluffs of 
Lower ·Magnesian limestone. It consisted of copper pyrites mixed 
with malachite, and yielded on analysis 23.25. per cent. of metallic 
copper. A large deposit of ore of this quality would be very vain­
able. 

A specimen o£ copper ore 'vas presented to thesurvey from Mr.­
Brown's farm in the town of Webster (T. 13, R. 3 W), which yielded 

· on.analysis 15.07 per cent. ·of metallic copper. 
The foregoing are the only localities, so far as could be ascertained, 

where copper has been found. The ore always presents the same 
characteristics, .-being hard, dark-colored, and brittle, mixed witl~ 

oxjde of iron, and malachite in small quantities. In general, the 
deposits do not seem to be sufficiently extensive to be of much 
economic value. 

Lead. The existence of lead in the Lower Magnesian formation 
in this state has long been a subject of much controversy; many de­
nying its existence altogether; while others are ready to believe in its 
presence in large quantities. 

It is well known that the lead mines of Missouri are situated iu 
this· formation, and the question very naturally arises: if it exists there 
in large quantities;so as ·to be profitably mined, may not the same be 
true of onrown state~ 

Inasmuch as there are only certain portions of the lead region which 
are productive of lead, and as it has been found to be a useless waste 
of time and money to mine in ·those parts which experience has 
proven to be unproductiye, attention is now directed to the Lower 
Ma~nesian formation, in the hope that" its mineral deposits will prove 

~ ' 
to be such that the lead mines wiil regain their former flourishing 

condition. 
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·In view of these important considerations, every fact connected with 
the occurrence of lead in this formation is importt-int, and it is· ad vis­
able to record everything which can be elicited relative t~ this q nes-
tion. · 

Small pieces of galenite or sulphuret of lead are occasionally found 
on the sides of the bluffs and in the dry beds of the small ravines. 
Their seams and particles of the same ore are sometimes found in the 
eli~ exposures of the Lower :i\fagnesian, but the ore is never very 
abundant. The following list embraces, so f~r as could be ascertained, 
all the localities where -this ore has been found. It will be· noticed 
that they are all in the vicinity of the lower part of the Kickapoo val­
ley, except the localities near Orion . 
. Orion Lead Mine is situated on the N. E. quarter of the S. W. 
quarter of sec. 28, T. 9, R. 1 E., about three miles northeast of the 
village of Orion, in Richland county, on the summit of the ridge di­
viding .Ash and Indian creeks. 

It is owned and operated by Messrs. ~evi Houts and E. B .. 
Andrews, of Orion, who were engaged during portions of the years 
1871-72-73, chiefly in the wint~r season, in 'developing t)lis mine. 
Their attention was first directed to this place by finding small 
pieces of lead ore, kno\vn as :float mineral, en the surface of the. 
ground in several of the adjoiBing ravines. Sev~ral small shallO\Y 
shafts were then· sunk, and considerable prospecting was done with 

varying success. 
They then decided to sink a shaft from the top of the ridge through. 

the Lower :Magnesian formation, with a view of proving the ground 
with respect to the existence of fiat openings. This shaft was sunk to 
the depth of 86 feet. The greatest thickness of Lower Magnesian 
limestone on this ridge is 155 feet, (;onsequently there remained fiom 
the bottom of the shaft to the top of the Potsdam sandstone au nnex-. 
plored thickness of 69 feet of limestone. . . 

At the time the ·mine was vi~ited, August, 1873, :work had been 
suspended forth(( summer, the windlass and other mining appliR.nces 
removed, and water was standing in the ehaft so that it was impos.si-

bleto go into it. 1 

. The following very accurate. description .of the. ·strata penetrated 
in sinking the shaft was furnished by Mr. Houts, who kindly ac .. 
companied us, and explained all the interesting . features of the 

ground. 
, The first lead ore which was disco·vered was lying on the surface 

of the.1·ock, at a depth of fotty feet belo\v the surface. This was in. 
all respects similar to the float-mineral of the lead region; it was 
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crystallized in sm~ll cubes about an inch square, many of the sur­
iaces and edges presenting the appearance of having been worn 
away by the action of some dissolvent. The original faces of many 
of the crystals were marked by a shell of white carbonate of lead, 
while the interior had been partially dissolved out. All of these 
characteristics are also common to the " float-mineral" of the lead 

·I 

region. 1 

Passing through six feet of gray limestone, a cave five feet high 
was found, fJ.lled with a very fine, bright red clay, and some lead 
ore. The ground here was quite loose and easily worked, and this ap­
pears to have been the first regular and well defined opening. 
The shaft was then sunk thrOl'lgh twenty feet of very hard and 
compact dolomite, in which were found occasional pockets contain­
ing galenite coated with small crystals of quartz; a mode of occur­
rence never found in the lead region, yet one which might rea­
sonably be looked for in the Lower ~£agnesian, where q nartz crystals 
are so frequently found. A second "\Yell dBfined opening was then 
found, about two and a half feet high, from which considerable ore 
was taken. The ore is described as occurring in this opening in small 
pillars, the rest of the opening being filled with loose rock and earthy 
material, known in the mines as .sand. It is a noticeable feature of 
this opening that the ore occurred in small cubes resting on the loose 
rock immediately under the cap rock. 

After pas_sing through eighteen inches of .rock, a third opening 
about eight inches thick was found, filled with sand, and containing 
no ore. On examination of the rock, it seemed pwbable that these 
two beds were constituent parts of what has been termed the second 
opening. 

Below this was found a very hard, close-grained rock, two feet thick, 
of a bluish color, containing small pockets, and irregular masses of 
white flints; corresponding nearly in color, texture, and irregular dis­
tribution, to the flint beds of the Galena limestone. From here the 
remainder of the shaft was sunk through a fine-grained dolomite, and 
little or no ore was discovered. 

The total product of this mine has been 6,300 fus. of lead ore, most­
fy taken f~om the shaft; during the process ·of excavation; and, al-

J A specimen of this ore gave an analysis: Per c~nt. 
Lead sulphide . . . . • • . . . . . . . . . . . . . . • • . . . • . • • • . . • . . . • • . . . • . . • . . • • • • ••• . ••• .. . • . . • G8.93 
Lead carbonate . . . .. . . . . ••. . . . . . . . . . .• . •• . • . ••• . . . . ••••. ••• . . • . .. •• . ...... 15.17 
Sesquioxide of iron and alumina ....••.•••.••.•. ; •.•••.•••••••.••••..••....••.. 5.45 
Insoluble siliceous residue........................... ••• .... • ... • ••• . •• . • .. • . ••• 9,75 

99.30 

Metallic lead .............................................. ~ .................... 71.18 
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though no iarge body of ore has been discovered, yet sufficient has 
been found to establish beyond a doubt its occurrence in fiat openings. 
in this ·formation. A remarkable feature of this shaft is that it was 
not sunk on any crevice, and that the several openings are not con­
nected by any seam or vein. 

Akan Mine. Some minjng has also been done on this ridge, about 
two 1niles northeast of the preceding locality. The shaft is situated · 
on the N. E. qnarter of the N. vV. quarter of Sec. 22, T. 9, R. 1 E. 
The ground is the property of :Mr. R;obert Akan, of Hichland Center, 
who, with his son, devoted most of the summer and fall of 1873, and 
a part of 187 4, to sinking shafts and general prospecting. Considera­
ble work has been done and a small amount of lead ore, galenite, found 
in the shape of float mineral. 

The thickness of Lower Magnesian on this part of the ridge is 110 
feet. A shaft has been· sunk on the summit to a depth of 60 fe~t. 
The first forty feet w~s through clay, in wh~ch ·was a large quantity 
of chert, called quartz at the mine. This chert or quartz was an­
alyzed, and found not .. to contain anything of any value. 

On reaching the solid rock th~ flint disappeared, and the shaft lVas 
sunk the rest of the way through the limestone, without finding any­
thing of any economic value. 

various places on this ridge afford evidences of the existence of lead 
in this formation. · Several pieces have also been fo.und at vari,ous 
places on the ridge dividing J?ear and vVillow creeks from Pine river. 
Among such localities may be mentioned the S. E. quarter of Sec. 14, 
T. 10, R. 2 E., arid the S. E. quarter of Sec. 4, T. 9, R. 2 E. 

At the first of these two localities so.me prospecting has been done 
in past years. A vein of lead ore ~vas discovered about half an inch 
i'n thickness rum~ing in a northwest course. It was abandoned because 
nothing ve~·y remunerative was found, and on account of the excessive 
amount of water. . . 

Little IHckapoo Lead 1\line. N. W.' quarter Sec. 10, T. 7, R. 5 
iV. The diggings at this place are situated in tl1e upper· part of a 
bluff on the north side of the Little Kickapoo, a small tributary of the 
vVisconsin ri,?er. Lead o_re was first discovered here about the year 
1840, and was worked at intervals until the year 1850. The greater 

. part of the ore was found near a ledge of li'mestone which forms the"' 
point of the bluff, and .. not far from the ~pper surface of the Lower 
~iagnesian. The ore occurred usually as float, in pieces from an 
ounce t<;:> several pounds· weight, sometimes qi1ite near the surface, 
but usually at a depth of about twenty feet; and in one instance as 
deep as eighty feet. Srtlall cubes or _dice-mineral, mixed with flint 
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was the prevailing form. In some instances it was found in Sl)1all flat 
openings, the crystallized ore being inixed with ochre .and clay. Small 
sh'eets of iron pyrites were also occasionally found. The ore some­
times occurs in vertical crevices having a general northeast and south­
west direction; on one of these crevices a shaft was sunk to a depth 
of eighty feet, but without obtaining much ore. 

There are also several caves and irregular openings in the vicinity, 
which have the same general course as the crevices. One of them is . 
now open, and I explored the first chamber, which is about fifty feet 
in length and ten feet high. I am informed that there are several. 
branches to the cave, and that it extends into the hill a distance of 
three hundred and fifty feet. It U.oes no.t present any metalliferous 
indications, and was probably foi·rried at a much later period than the 
deposition of the ore. A short· distance from this is a second cave, 
which enters the hill on a steep incline, and is now filled up with clay. 
and rubbish washed down from the side of. the hill. Its location is 
indicated by a larg.e sinkhole. A shaft was sunk in it seventy 0feet' 
deep. About one hundred prospecting holes have been ~nnk about 
this bluff, all within a short distance of each other, and from three to 
five feet deep, from which the greater part of the ore was obtained. 
~Ir. Lathrop, a gentleman who lives on the land, informs me that 
four or five men worked here during the whole of one winter and 
"made wages;" and he estimates that from twenty-five to fifty thou­
sand pounds of ore have been obtained from the ground, as the pro­
duct of all mining operations. The Lower Magnesian· limestone is 
here about two hundred feet thick, very regularly stratified, and in the 
upper and middle portions, very full of flint. The fossil Reccptam~;­
liteB, or lead· coral of the Lead region, also occurs here. 

An ave~age analysis from specimens collected on the ground gave 
82.35 per cent. of metallic le~td; from which it will be seen that 
the ore is of a very fine quality, and equal to any found in the lead 
l'egion. 

A small body of ore was also found on the opposite side of the 
valley, on the S. E. quarter of Sec. 9, at a depth varying from five to 
twenty-two feet. 

. About a quarter of a mile northeast of the principal locality, and 
also on theN .. W. quarter of Sec; JO, another small body of ore was 
found, consisting entirely of float. Ten prospecting boles were sunk 
here, averaging twenty feet in· depth. 

Near the quarter post of sections 3 and 10, a third small body of 
ore was discovel'ed, as float near the surface. · 
~.half Sec .. I5, T. 7, R. 5 W_. Ahout one hundred pounds of ore 
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w~re'obtained from some locality in this half section, but the precise 
spot is not definitely known .. 

South part 9f Sees. 33, 34, 35, T. 8, R. 5 W. There are 
some diggings in the south part of these sections, near the town line, 
on the upper part of the hill sloping to Plum creek. They were 
found when the country was surveyed by the government, and it is 
not definitely known by whom they were made. 

Small q nantities of galenite are said to have beeri foun~ on the N. 
E. q~1arte1; of Sec. 35, T. 25, R; 16 W., in Pierce county, in opening 
a quarry in: the limestone. 

\Vhile on the su:bject .of lead: we desire to mention a specimen ·of 
lead, or g~lenite; which was plowed up on the farm of Mr. L. Thomas, 
near Reedsburg, in Sank county. It was found on the S. E. quar-. 
ter of Sec. 26, T. 12, R .. 4 E., and was in the form of a solid .mass, 
weighing eleven pounds, and in all respects resembling the ore of the 

. Lead region. An analysis of it gave this result:· . 
Per cent. · 

Lead sulphide.................................................... 98.01 1 

Insoluble silicious matter . . . .. .. . . . . . . . . . .. . . .. . . .. .. .. . • .. . • .. . . . .12 

The above specimen, occurring isolated as it did, and not" in place," 
can hardly be supposed to have originated in the vicinity, but wa.s 
probably dropped there in the course of transportation. 

An exatnination of the above described deposits of lead ore, lead us 
to conclude that it is not extensively or generally distributed through 
the Lower l\fagnesian limestone in the country north of the Wiscon­
sin river. If it were present in large bodies, as is the case in the 
Galena limestone of the Lead region, H could not fail to have been 
long since discovered and utilized, as the country is everywhere inter:­
sected with valleys and r:wines, \vhich expose aU parts of the formation, 
and there is no covering of drift to conceal it. 

The occurrence of lead ore in this formation so closely resembles that 
of the Galena limestone, that it seems more than probable that the 
ere is the resnlt of agencies which are similar in their action and ef­
fects, if not identical. Assuming that the agencies a1:e similar,. it 
follows that a similar distribution of ore wonld be the result; which 
is true to this extent, that the deposits in each are local and comprise 
hnt a comparatively small part of the entire formation. If ·we as­
sume that the agencies '\yere identical, we might fairly expect that the 
deposits of lead in the Lower ~{agnes ian would be most extensive in 
the vicinity of the deposits in the Galena limestone; and the barrenness 
of the Lower ::Magnesian in the country in which it is so largely ex-

1 Equivalent to metallic leacl,81.88 per cent. 
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posed would be no argument against.its productiveness in certain local-
. ities, any more than the absence of lead ore in the greater part of the 

Galena limestone, in the lead region, is an argument again~t its pro­
ductiveness in certain districts. There are, however, many reasons 
why we cannot fully aecept or reject the latter alternative, chief 
among which are the intervention of a non-metalliferous formation----:­
the St. Peters- and the unconformability of. the Lower :Magnesian 
with it. 

In view of the scarcity of facts bearing oit this question, it seems .as 
if no satisfactory conclusion can be reached unless it is experiment­
ally, as by drilling in the vicinity of the mines. 
· Buihling stone. vVherever the Lo\ver .Magnesian is exposed, ther~ 
is always an abundance of good building stone. This is more espe­
cially true of the inferior members, which contain less fli.nt, are more 
uniform in texture, and have a ha~·dness and compactness which en­
able them to withstand the disintegrating effects of exposure to the 
elements. The lower beds of the formation are usually found in heavy 
regular beds, very suitable for.quarrying. 

Amongthe best and most extensive quarries observed are those at 
Prairie du Chien, and at .Springville in Vernon comity. On Trem­
pealeau mountain, Hale's quarry furnishes t\vo varieties. of white 
limestone. The stone is very hard and seems somewhat silicious; it 
is quite crystalline, and takes a handsome finish. 

On the S. E. quarter Sec. 31, T. 19, R. 10 \V., is. a fine quarry 
where a white crystalline limestone is obtained. It is conveniently 
loaded on the c~rs which run to the foot of the hill. 

Flemming's quarry, between Pepin and Durand, also furnishes a 
handsome stone, somewhat ·similar to that from Hale's quarry. 

There are also a great many small quarries throughout the country, 
which it is not necessary to particnlarize; their location may be see1: 
on the map. · 

Lime. The Lower ::Magnesian formation afford8lime with as mucl. 
facility as building stone. All parts of the formation which are freE 
ft:om flint will produce lime on burning. The best lime is that obtaine1l 
from some of the upper-beds, and from the inferior strata. It is, how­
ever, necessary to usc care in selecting from the upper beds such parts 
as are free from the cavities which sometimes contain quartz, and 
in the lower strata to avoid the transition beds vvhich frequently con~ 
tain donsiderable sand. There are numerous lime-kilns in the co.nn­
try exa~ined, and in nearly every instance lime is obtained froni some 

. m.ember of the Lo\ver 1\iagnesian. Owing to the large percentage of 
magnesia contained in the Lower ::Magnesian, the lime obtained from 
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it is somewhat hydraulic and slakes· slowly. This quality may be re­
garded as rather advantageous than· otherwise. 

The best quality of linl.e is tha~ obtained from the stalagmitic de­
}Josits which are occasionally found. They are recent deposits of car­
bonate of lime in a nearly pure state, usually of a pure white color, 
and found in irregular beds, having filled up preexisting caves in the 
rock, as more particularly described on page 96 of this report. 

The following is a list of the principal localities where lime is 
burned; in addition to these there are perhaps some others so situ­
ated that they escaped the observation of the survey.· The stone used 
is always some stratum of·the Lower Magnesian; and the fuel used is 
wood, which the country furnishes abundantly. The kilns are of the 
simplest form and construction, and are sometimes nothing more than 
a rude excavation in the side of a steep bank. 

Cra'YfOr(l County. 

N. \V, qn.a.rter Sec. 35, T. 9, R. 3 \V. The kih~ is situated on the west side of 
one of the small branches of Knapp creek, and supplies the surrounding country. 

N. \V. quarter Sec. 19, T. 11, R. 4 \V. and S. \V. quarter Sec: 21, T. ll,·R. 
,4 \V. These two kilns are situated on Horse creek, a. tributary .of the Kickapoo; and 
about a. mile from the village of Towerville. They supply the small towns on the Kick­
apoo and vicinity. · 
: S. ,V, quarter Sec. 9, T. 9, R. 5 ,V, This .kiln is situated about a mile west of 
the village of Seneca., ~t the head of a. small ravine emptying into Copper creek. 

Richlaml County. 

N. \V. quarter Sec. 19, T. 9, R. 1 \V. This kiln is situated near tJ.1e Eagle cave 
hereinafter described. It is owned and operated by Mr. Orrin Heni-y, and furnishes 
considemble lime. 

N. E. quarter Sec. 30, T. 12, R. 1 E. This kiln is situated about a mile and a. ·hal£ 
.north of Woodstock, and supplies that place, together with Spring Valley and the ad-
jacent country. · , 

:N. E. quarter Sec. 19, T. 9, R. 1 E. Two kilns have been operated here, and an 
excellent quality of white lime is made from a stalagmitic deposit. It is free from the 
grayish tint usual in lime produced from U!-,.e Lower Magnesian. The deposit is worke:l 
by Mr. A. C. Eastland, of Richland Center. 

·There are· also several kilns in the vicinity of Richland Center, which supply most of 
tJ.1e.lime used in tlmt part of tJ.1e country. 

Vernon County. 

N. E. quarter Sec. 12, T. 12, R. 7 \V. 'flus kiln is situated near the for~s of the 
Bad Axe river, and supplies the lime used in tJ.mt valley. 

S. \V. quarter Sec. 11, T.,11, R. 7. \V. 'l'he kiln is about one mile and a, half 
north of the village of DeSoto; most 'of the lime is consurnccl at that place. 

N. E. quru.·ter Sec: 24, T. 14, R. 5 \V. This kiln is near the head of a small branch 
of Raccoon creek. Only a small amount of lime is produced here. 

S. E. qtutrtcr Sec. 27, T. 12, .a,. 5·\V. The kiln lies about two and a half miles 
southwest of tJ.1e village of Liberty Pole. The lime produced here supplies the adjacent 

region. 
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S. ,V.-quarter Sec. 15, T. 1~, R. 4 ,V,, and N. E. quarter Sec. 23, T. 13, R. 4 
,V, These two kilns are on the heads of small tributaries of the Kickapoo, and are dis­
tant. about three and a half miles northeast of Viroqua. They supply tl~e lime used at 
this place, and In the country for several miles around them. · The first one is known as 
Wallace's kiln. 

lUonroe C01mty. 
S. ,V, quarter Sec. 31, T. 17, R.. 1 E. This kiln is situated on the northern line 

of outcrop of the Lower Magnesian, and about seven miles southeast of Tomah. It·sup­
plies a, large extent of courttl'J. 

S. ,V, quarter Sec. 22, T. 17, ·R. 2 ,V, This kiln is situated on an isolated outlie1 
of limestone, about six miles southwest of 'romah. 

N. ,V, quarter Sec. 12, T. 16, R. 3 ,V. There are two kilns at this locality which 
produce con'siderable lime. ,, 

S. \V. quarter Sec. 28, T. 18, R. 4 ,V, The kiln at this place is situated at the 
foot of a high bluff capped with limestone; it being an isolated outlier. Considerable 
lime is proauced here, most of which is consumed in Sparta a.nd t_he vicinity. ' 

La Crosse County. 

S. E. quarter Sec. 26, T. 15, R. 6 ,V, Tllis kiln is situated at the head of the 
Morman coolie, and supplies the adjacent country. 

The greater part of the lime used in La Crosse county is imported, either on one of 
tl.1e railroads, or brought dow!). the river; but little is manufactured in the county. 

Trempealeau County. 

S. E. cp1arter Sec. 25, T. 19, R. 9 \V. This kiln is situated about two miles west 
of the village of Galesville. Lime is produced from small outliers of Lower Magnesian 
capping the bluff. 

On the south side of Trempealeau Mountain, a short distance above the village, is a 
hiln producing lime from the limestone on the upper part of the hill. 

. Buffalo County. 

N. half Sec. 9, T. 19, R. 11 ,V. Lime is manufactured here from the Lower Mag­
nesian, supplying Fountftin City and the neighboring country. There are also two kilns 
on.the S. W. quarter of Sec. 5 of the same township. 

,V, halfSec. 35, T. 22, R. l3 ,V. There are two lin{e kilns situated about a mile, 
and a mile· and a quarter above the village of Alma. They supply this part of the 
country. 

In the counties of Crawford, Richland, V m•non, Monroe and La 
Crosse, there are but few kilns where lime burning is regularly and 
continuously carried on. This is in consequence of the limited de 
mand for lime, caused by the infrequency of stone and brick bui~d. 
ings. The inhabitants live usually in log houses, and occasionally id 
frame houses; stone and brick buildings are confined to the railroad 
towns, and the lime is usually brought by raiL It is also a common 
practice among settlers, when about to build, when only a small quan­
tity is required, as for a cellar or a foundation, to make a rude kiln 
and burn for themselves the quantity desired. This is the more easily 
done because limestone and timber are so abundant; and at the same 
time, by lessening the demand, it tends to discourage lime burning 
as a business. 
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Paleontology. In the department of paleontology but. little has 
been or can be ·done, owing to the great scarcity of organic remains, 
and the unsatisfactory condition in which they are found. The total 
number of specimens obtained is only eight, and are as follows: 

No. 1. A specimen of Receptaculites, found at the lead mines on the Little Kickapoo, 
previously mentioned, page 76. · 

No. 2. A specimen of the same, found on the s~ W. quarter of Sec. 25, T. 19, R. 9 
W., nea,r tl1e top of a high ridge ca.pped with outliers of Lower 1\;[agnesian. 

No. 3. Silicified specimens of Euomphal·us Strongi of Whitfield, found on the S. 
K quarter Sec. 32, T. 9, R. 1 E. · 

No.4. Silicified specimen of the same as No.3, from the N. E. quarter Sec. 35, T. 
11, R. 3 E. . 

No. 5. A silicified specimen of Stt·eptelasma, found on the S. W. quarter of Sec. 6, · 
T. 9, R. 4 W., on ·Hall's branch. 

No. 6. A small, fragmentary specimen of an Orthoceras, in which the several cham­
bers are only one-sixteenth of an inch wide. It is possible that it is a piece of an Cyrto­
ceras; the specimen is so broken and imperfect that it is difficult to decide. 

No.7. A fragment of cast of some variety of Cy1-tolites, found at the same ~ocality 
as No. 1. 

No.8. A cast of the inside of a llolopea turg·icla, found on theN. W. quarter Sec. 
18, T. 13, R. 2 E., in the course of explorations for iron ore. 

The fossils, so far as obs!3rved, are not confined to any part~cular 
stratum or part of the formation, but appear to have been best pre­
served where the carbonate of lime has been replaced by silica.. The 
original shell does not appear in any instance to be preserved. 

ST. PETERS SANDSTONE. 

Owing to the elevation attained by ~the several formations, thi·ough 
their gradual rise in a northerly direction, and to the great and gen­
eral denudation to which the country has been subjected, the St. 
Peters sandstone, north of the Wisconsin river, is only found in iso­
lated areas of comparatively small extent, and confined to the highest 
parts of the ridges. 

It frequently happens that the St.' Peters manifests itself in the 
shape of prominent mounds and cliffs of sandstone, sometimes visible­
at a considerable distance, which, ovving to some local peculiarity of 
their composition, usually the presence of iron as a consolidating rna-·. 
terial, have withstood the wear 'which has disintegrated the remainder 
of the formation, and now remain as monuments projecting from the 
crests of the divides and their adja~ent spurs. 

There is another phenomenen noticeable .in tho.§le portions of the 
country where the St. Peters is found, which may be thus briefly de­
.scribed. It may often be observed in traveling along the crest of one 
of the prin0ipal dividing ridges, as, for instance, the one dividing 

·VoL. IV.-6 
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Pine and E~gle rivers, that ~nounds and other surface exposures of'the 
St. Peters sandstone occur, and that in other adjacent parts of the 
same ridge which are as high, or even higher, the Lower Magnesian· 
is found in place. This apparent irregularity may be easily under­
stood and explained on the theory of· unconformability between the 
two formations previously alluded to in this chapter. 

Figure 10, which is an ideal section, explains the unconformability, 
FIG. 10. and shows how the 

sandstone and lime­
stone may alternate 
on the same ridge 
and at the ~arne ele .. 
vation. 

-:===PoTsDAM.s"ANos:tDNE ___ . - ~ It may be supposed 

.~ tl1at the den11dation 
of the country has advanced until the upper surface is·represented in 
section by the line A B. We ma.y then find points of sandstone as 
at 0, D and E, alternating with exposures of limestone as at F, G 
and H; and if the limestone is sufficiently hard to resist disinte­
gration, it may even be ·found relatively higher than the sandstone, 
as is represented at IL 

It also frequently happens that portions of a lime~tone ridge are 
covered with loose, irregular boulders of sandstone, and that the sand­
stone cannot be found in place anywhere in the vicinity. Such boul~ 
ders are usually quite hard, and appear to be the only remaining relics 
of the St. Peters'. 

·Lithologic.al Characteristics. The appearance of the St. Peters 
sandstone is very similar in all parts of the country, and does not dif­
fer materially from the· exposures south of the Wisconsin river, ex .. 
cept that it is not usually found of a pure white color, but generally 
yellow, or some shade of brown, being more or less colored with iron. 

Frequently the ferruginous matter is sufficient to form a very hard 
and compact sandstone, which may be often seen in the mounds and 
cliff exposures. Occasionally, the iron forms small, irregular concre­
tionary masses. 

Stratification. The stratification is usually very irregular, and the 
rock does not readily divide by means of planes and joints. The pe­
culiarity of cr~ss-stratification of the subordinate layers, already de­
scribed as occurring in the Potsdam, is occasionally seen in the St. 
Peters; it is not, however, such a characteristic feature. N.o traces 
of organic remains have been discovered. 

Composition. The formation is composed almost entirely of sili-
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cions sand, with little admixture of foreign material except the Slflall 
· amount of iron already referred to; the individual g·rains . of sand 

which compose the stone are always very fine and stnall. 
Thickness. The thickness of the St. Peters is very variable, and de­

pends upon the· amount of irregularity of the upper surface of the Lower 
Magnesian limestone underlying it, arid upon the general denudation 
of the country. Its original thickneRs is seldom found, and only in 
those porti~ns where the Trenton still exists. The ·greatest thickness 
noted is one hundred and fifty feet; this occurs in the S. W. quarter 
Sec. 9," T .. 9, R. 5 Vv., about a mile west of' the village of Seneca. 
E~onomical Products. No minerals or ores of any metals have 

been found in .this formation. Building stone of fair quality might 
be obtained from the St. P~ters; it is, how.ever, seldorri Tise<;l, on ac­
C\)nnt of the difficulty of qnarryi~g· it, and b.ecause the Lower Magne-

. sian affords a much better stone, and dresses in better shape, with less 
trouble. 

Exposures of the St. Peters Sandstone. The country in which 
the St. Peters is the surface rock has been somewhat briefly mentioned 
in the description of the several townships given in the first chapter.· 
J\tluch has been done to accurately define the limits of the formation, 
and it has resulted in the discovery of a large nuinber of localities 
w~1ere the existence of the formation was heretofore unknown and 
unsuspected. 

Previous to the present survey, all that was definitely known re­
garding the occurrence of this sandstone north of the Wisconsin river 
was delineated on the excellent map published by the late Dr. I. A. 
Lapham, in 1869.· On it, four large areas are shown. 

The first em braces a large tract of country in towns 7, 8 and 9, 
ranges 5 and 6 west. The second is a large area in towns 10 and 11, 
range 5 west. The third is a small one west of the town of Viroq~1a. 
The fourth passes diagonally through T. 14, R. 4 W .. They are all 
situated on the ridge dividing the :Mississippi and IGckapoo rivers. 

_The St. Peters formation, as it is now known, is as follows: The 
four areas mentioned above are ~omponent parts of one large area, ex­
tending from T. 6, R. 6 W. to T. 14, R. 4 W., a distance of about fifty 
miles. On the west it approaches to the Mississippi in T. 10, R. 6 
vV., and may be traced along the ~htffs ofthat river and all its tribu­
tary streams, in a belt varying from a. mile iri width on the north, to 
a quarter of a mile wide opposite Prairie du Chien. Thence along 
the bluffs of the Wisconsin and its tributaries, to the Kickapoo. On 
tl;e eastern side of the divide it is. seldom found more than two or 
three miles from the principal ridge, but as the ·coilntry descends.Inore 



84 GEOLOGY OF THE MISSISSIPPI REGION •. 

gradually to the Kjckapoo than to the Mississippi, it covers 1·elatively 
a much larger area than on the western slope; and'in T. 10, R .. 5 W., 
it is the surface rock over abotJt one-half of the t.ownship. 

Exposures. The country just described embraces many fine· ex-
posures, a,mong which may be mentioned the following: · 

1. The mounds near Mt. Sterling, which are chiefly composed of sandstone. 
2. A ledge 50 feet high near the qumier post of Sees. 15 and 22, T. 8, R. 5 W. 
3. A mound on the S. W. quarter of Sec. 34, T. 8, R. 5 W. 
4. A ledge 50 feet high, near the quarter post of Sees. 20 and 29, T. 8, R. 5 W. 

The following exposures in Crawford county are situated on the 
ridge between Knapp creek and the Kickapoo; they are also ·new dis. 
coveries: 

T. 8, R. 4 ,V. The St. Peters is the surface rock in parts of tJw followu1g sec.tions 
1, 2, 11, 12, 13, 14, 15, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 31, 32, 33, 34. Its totaJ 
area is a little more than seven square . miles. 'Tilere is one good exposure, where i~ 
forms a mound in the S. E. quarter of Sec. 2. 

T. 8, R. 3 W. A branch of the same range extends into this town, through Sees. 
6, 7, 16, 17, 18, 19, 20, 21, 29, forming an area of about tlu·ee square miles, with one 
fine ledge exposure near the center of Sec. 7. 

T. 9, R. 3 aml 4 W. The same sandstone ridge continues in a northerly direction 
through Sees. 36, 25, 24, of range 4, and through Sees. 31, 30, 19, 18, 17, 16, 15, 10, 
9, 8, 4, 5, 6, of range 3, and runs out in Sees. 31 and 32, ofT. 10, R. 3 W., comprising 
a surface. area of six sections. There is also an isolated area in Sees. 13, 14, 23, 24, T.' 
9, R. 3 W., equal to one section. 

T. 10, R. 3 W. In this town there are two large isolated areas: The first is in Sees. 
22, 23, 26, 27, 35, 36, having an extent of two square miles: The second is in Sees. 3, 4, 
9,·16, 17, 20, having an extent of one and a half square miles. On it are four large 
and prominent mounds, which afford fine opportunities to study the formation. 

Vernon County. 

In Vernon county, the country in which the St. Peters sandstone 
becomes the surface-rock may ·be thus briefly described. At the vil­
lage o£ Coon Prairie, Sec. 5, T: 10, R. 4 W., on the ridge dividing the 
IGckapoo from the Mississippi, this formation forms the surface-rock. 
A spur of it also extends in a northwesterly direction as far as Sec. 
22, T. 14, R. 5 W., forming a belt averaging a mile and a half in 
width. .Proceeding south from Qoon Prairie to Viroqua, the sand­
stone covers nearly all of the wester~ half of T. 13, R. 4 W., and 
vresents the following fine exposures: 

1. A mound in the S. W. quarter of Sec. 5, and one in the N. W. quarter of Sec. 8; 
all near the south line of Sec. 5. 

2. Three mounds in the N. W. quarter of Sec. 21; all near the north line of the sec­
tion, and about 50 feet high. 

3. A ridge consisting of ledges of sandstone 50 feet high, extending from near the 
center of Sec. 17 nearly to tl1e no~ihwest corner of Sec. 18, presenting good exposures 
through almost the entire distance. 
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- At Viroqua, a branch of the main ridge extends to the west a distance of twelve 
1niles, between the north and south forks of the Bad Axe river. The sandstone on tlus 
ridge averages a mile and a quarter in width, with several small lateral branches. 

Continuing along the principal divide from Viroqua to the south line of T. 12, R. 4-
W., the St. Peters covers nearly all the western half of that town. 

· InT. 11, R. 4 vV., a spur of the principal divide, covered with sandstone from haJf a 
mile to two miles in width, occupies the central part of the town, extending from sec~ 
tiori 4 to s~tion 34. 

InT. 11, R. 5 W., the sa.ndstonCl on the principal divide covers the gTeater part of the 
township, with a fine exposure in two mounds ncar the center of Sec. 5. From the 
northeast corner of ttus township a lugh and very irregular ridge, with numerous lateral 
branches, extends west nearly to the Mississippi river, dividing Rush creek from the 
south fork of the Bad Axe river. '!'his ridge is covered with sandstone, the width of the 
belt varying from one to three miles. There are two good exposures formed by mounds; 
one a short clista.ncc l3outh o£ the center of Sec. 16, T. 11, R. 6 W., and the other in tho 
southeast quarter of the same section. 

In addition to the foregoing, the following isolated areas were dis­
. covered in Vernon county: 

InT. 12, R. 5 W. in sections 15, 16, 21, 22, an area equal to a section and a half. 
InT. 14, R. 4 vV. In sections 20, 21, 28, 29, is a sandstone area equal to a little mol'e 

than half a square mile. 
West of the quarter post of sections 34 and 3, on the south line ofT. 14, R. 4, W. is 

an isolated monnd of sandstone formillg a good exposure. 
In Sec. 3, T. 13, R. 7 Vi.'. an area of sandstone extending into Sec. 34, T. 13, R: 7 

W., comprising about half a section. . · 
ln T. 11, R. 4 W., is a hu·ge area of sandstone lying on the ridge west of the Kicl::a~ 

poo river. It is situated in sections 1, 2, 11, 12, 13, 14, 15, 23, 24, 25, 28, 33, 35, 36, 
comprises an area of about five sections, and extends soutl1ward into Crawford county. 

InT. 12, R. 3 W. On tl1e ridge between tl1e Kickapoo river and its westem branch 
is a narrow ridge of sandstone, about four miles long and a half a mile wide, runnliig 

· through Sees. 2, 3, 10, 11, 13, 14, and ending in Sees. 34 and35 ofT. 13, R. 3, W. 
InT. 14,· R. 3 W., on the same ridge previously mentioned, is an area of sandstone 

lying in sections 15, 16, 21, 22, 27, 28, and covering a surf.:'tce equal to one section. 

Richland County. 

rhe following discoveries of St. P~ters sandstone have been made 
in this county. There are seventeen small areas, entirely separated 
from each other, and all lying on the high ridges which divide the 
Eagle river from the Pine river and its tributaries on the east side, 
and from the IGckapoo on the west: 

1. A small area of about half a se~tion, lying in Sees. 26 and 35, ofT. 10, R. 1 W. 
2. A qnart:er of a mile north of the precedillg is an area equal to one square mile, ly· 

ing in Sees. 23, 24, 25 and 26. 
3. In Sees. 15 and 22 of the same town, an area equal to half a section. 
4. An nxea eq11al to one and· a. half squaxe miles lying in Sees. 2, 3, 10, 11, 14, 15, 

ofT. 10, It. 1 W. A good exposure of the formation is seen in a mound near tl1e quru.·· 
ter post of Sees. 3 and 10. 

5. An aren. equal to a quarter section, lying clriefly in Sec. 9, T. 10, R. 1 W. 
6. An area equal to a quarter section, lying clriefly in Sec. 3, T. 10, R. 1 W; 
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7. An area of 80 acres, lying in the S. W. quarter of Sec. 27, T. 11, R. 1 W'. 
8. A short distance west of the preceding is an area lying in Sees. 28 and 29, equal 

to one section. 
9.' A somewhat inegular area of sandstone is found in Sees. 5, 7, 8, 17, 18, of T. 

11, R. 1 W., equal to one and a hal{square miles. 
10. This area is situated in Sees. 30 and ·31 of T. 12, R. 1 vV., and in Sec. 6 of 

T. 11, R. 1 W., and comprises about one and a quarter square miles. 
11. An area equal to one and three-quarter square miles, situated in Sees. 18, 19 and 

20, ofT. 12, R. 1 W. ·. . . 
12. Traces of the St. Peters are frequently seen in loose blocks of sandstone at many 

places on the summit of the ridge; this was noticed frrst in the N. W. quarter of Sec. 
35, T. 10, R. 2 W., on the road. On the .line hetween sections 9, 10, 15 and 16, is an 
area comprising about half a square mile, where the surface rock is St. Peters; 'it has here 
a thickness of about· 30 feet. 

13. Proceeding in a northwesterly direction, along the divide, to section 4, the St. 
Peters is found covering nearly the entire west half of the section; extending south into 
section 9.; west, nearly to the center of section 5. Crossing the line into T. 11, R. 2 W., 
it extends as far north as theN. W. corner of section 33, covering a large part of the west 
half of that section, and a small area. in the east half of Sec. 32. The entire area of St. 
Peters comprised in this outlier, is "'somewhat more than one square mile. Numerous 
detached pieces of a concretionary structure· were found here; the thickness of the 
Lower Magnesian appears to he here 200 feet. 

14. A short distance north of the preceding, and separated from it only by a small ra­
vine,· is a third small outlier, situated near the quarter post of Sees. 28 and 29, T. 11, R. 
2 W., comprising about 80 acres, lying chiefly in section 28. 

15. A fourth outlier of St. Peters was found in Sees. 17, 18, 19, 20, 21, ofT. 11, R. 2 
vV.,' near Sylvan Corners, comprising about a mile and a qnarter in area. 

. 16. A fifth outlier is situated in theN. W. quarter of Sec. 15, and the E. half of Sec. 
16, T, 11, R. 2 W., its area being about one-half a square mile. 

17. The last and largest outlier observed, is situated in Sees. 3 and 4, T.ll, R. 2 W., 
and in Sees. 32, 33, 34, T. 12, R. 2 W., and comp::.-ises an area of a little more than one 
and a half square miles. It is situated on the ridge south of Camp creek, and is the 
most northern point at which the St .. Peters was found in Richland county. 

1\lom·oe County. 

Three ?mall exposures of the St. Peters sandstone have been found 
·in Monroe county, on the high ridge which divides the Kickapoo frmn 
the La Crosse river, and all in the vicinity of the village of Pine 
Valley. 

1. An area situated in the central part of Sec. 29, T . .15, R. 3 W., and comprising a 
little more than a quaJ.ter. section. 

2. A very small exposure on the line between sections 29 and 30, and a short distance 
west of Pine Valley. 

3. An area equal to a quarter section, situated in the north half of Sec. 30, T. 15, R. 
3 W., and a short distance west of the preceding. 

Buffalo County. 

There are two small outliers of St. Peters in the southern part of 
the comity, on the ridge between Eagle creek and the Trempealeau 
river. 
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1. This is a large outlying area, comprising parts of Sees. 2, 3, 10, 11, in T.)9, R. 11 
·w., equal to one square mile. It only manifests its presence in making the soil more 
sanely, in occasional bowlders and fragments of sandstone, and in a few outcrops in place. 

· 2. There is a small area, equal to about half a section, on the same ridge, and a short 
clistanoe north of area No. 1. The greater part o£ it lies in Sec. 35, T. 20, R. 11 W. 

The above are nm,v discoveries, and serve as connecting links between 
. the outcrops south of the La Crosse river and the following in , 

Pierce County. 

A considerable part of Pierce county has the St. Peters sandstone 
for the surface rock, especially in the western part. 

It is found occupying the upper portions of the ridges between the Isabelle river and 
Lost creek, between the Isabelle and Trimbelle rivers, between the Trimbelle and Big 
Tiver, and south of the Kinnikinnick river. It occurs in a large connected area, in which 
the entire thickness of the formation is frequently present. 

In the vicinity of Ellsworth, the county seat, there are numerous exposures of the St. 
Peters, which is generally a reddish or yellowish.sandstone which is lithologically simi­
lar to the same formation in the south part of the state. On the road from Ellsworth 
to River Falls, there are occasional exposures of the St. Peters, and in the vicinity of 
the latter place it is exposed frequently in sloping hills capped with Buff limestone. 
The sandstone is here usually very white, and has the line of demarkation from the 

. overlying Trenton very plainly marked. The thickness of the St. Peters in tlris part of 
the country is about 100 feet. ' 

The situation of the above described outliers of the St. Peters indi­
cates somewhat of the former extent of the formation. The country 
between the Trempealeau and La Crosse rivershas undergone a much 
greater. amount of denudation than the rest of the territory adjacent 
to the Mississippi, probably for the reason that 'the original deposit of 
Lower l.fagnesian was thinner, or it may have been exposed to denu­
dation for a longer period before the formation of the St. Peters; con­
sequently there are now no outliers o.f the St. Peters remaining in it. 
From the height at which the outliers of sandstone occur in Bufi'alo 
county, and south ·of the La Crosse river, taken in connection with the 
regularity of the stratification between them, it seems almost certain 
that this portion of the country was submerged during some portion 
of the period of the St. Peters, and must have participated in that. 
formation; and it is probably true that the~e was at one time a con­
tinuous belt of St. Peters extending from near Hudson, on th~ St. 
Croix, southeastward, and covering all, or nearly all, of La Crosse, 
Vernon, Crawford and Richland counties. How wide this belt may 
have once been, or how far it extended from the :Mississippi rivei~, . 
nor~heastward, does not now appear; it is riot improbable, howev.ei·; 
that it covered all the I;ower Magnesian limestone which is now ex­
posed, and it is possible that its surface extent was much greater. 
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TltENTON, OR BUFF AND BLUE LIMESTONE. 

These two formations, which are ns~ally conside.ted collectively, as 
1s most convenient, are occa~ionally found north of the Wiscons'in 
river. They usually attain their average thiclm~ss, which is about 
twenty-five foot for each .. 

Lithological Characteristics. These are the same as in the ex­
posures of the formation in the Lead region. The Buff limestone 
retains its customary yellowish color, and is, as there, somewhat argil­
laceous and highly magnesian. 

The Blue limestone is fine grained, hard and compact, and very 
fossiliferous, usually thin-bedded, and, on exposure, bleaches out to a 

·bluish-white color. For a more particular description of these two 
formations, with sections, reference is made to Volume II of this 
report. 

~conomical Products. There are no useful ores or minerals fpund 
in this formation, north of the Wisconsin river. The Blue limestone 
would furnish an excellent material for burning to lime; but it is not 
used for that purpose. , 

A very singular deposit was found at the village of Seneca, in Craw­
ford county, in the lower part·o£ the Buff limestone. It forms a 
small eminence a short distance north of the village. The deposit 
consists of a conglomerate, formed of quartz pebbles of small size, and 
sand in large rounded grains,. firmly united with iron as a cementing 
material. The pebbles are seldom more thltn half an inch in the 
longest dimension, consisting always of white 01~ transparent quartz, 
and always smoothly rounded, eyidentTy having been rolled by the 
action of water. 

The extent of the deposit is small, cove:ring only about an acre, and 
not exceeding five or six feet in depth. Several pits have been sunk 
in it, and numerous large .masses of the conglomerate taken out in at­
tempts to utilize it as iron ore; but on account of the large amount 
of quartz ore material, which cons~itutes nearly one-half of the entire 
bulk, it is useless as Jtn ore. 

This deposit derives its chief interest from the fact that it is the 
only or~ of the kind found anywhere in the formation. The rounded 
appearance of the pebbles· appears to point to its ori.gin, and suggests 
this explanation: First, during the deposition of the Buff limestone, 
currents of the ocean transported the pebbles from the Arc.hrean ter­
ritory, depositing the.m here, and proqably in many other places. 
Secondly, there was afterward a deposit of iron, made pf;:;sibly by some 
ferruginous spring, or by some cause operating to precipitate irou 
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· from the water of the sea; and· finally, in the process of the solidifi~ 
cation of the formation, the iron became the cementing material of 
the conglomerate. 

It is not safe to conclude that this denosit was an isolated one, al .. · . ~ . 

· though nothing like it \vas seen in the large area of the formation. 
~xposed in Crawford county. The pebbles were do'ubtless derived 
from the north, and it is in that direction that a continuation of the 
deposit would naturally be expected. It should, however, be rernem. 
bered that only five or six small outliers of the !'ormation now remain 

:north of Seneca; and it is probable that they were· not in the cou~se 
of the transporting current, and consequently not so situated as to 
receive the deposit. Doubtless this deposit, whatever· its extent and 
direction may have been, has been swept away in the general denuda. 
tion of the formation. 

The present survey has resulted, as in the case of the St. Peters, in 
discovering new and extensive areas of Trenton limestone, and in de. 
lineating with muchaccuracy the contour lines of the formation. 

The areas of the Trenton, as they were formerly known, are repre. 
sented on Dr. Lapham's m~p by an elliptical belt about a mile wide, · 
lying in towns 7, 8 and 9, ranges 5 and 6 west; by a small area situ. 
a ted in T. 11, R. 5 W ;. and by six areas in Pierce and St. Croix 
counties. 

These formations as they are now known, form the surface rock in 
the following tracts of country: 

1. InT. 9, R. 5 W. The Trenton is found in sections 3, 10, 11, 15, 16, 17, 18, 19, 
· 20, 21, 29, 30, 31 and 32. In section 20, the Galena limestone appears, and the Buff 
and Blue form a be~t surrounding it. This belt, commencing in section 20, runs south· 
west to the bluffs of the Mississippi; thence south along that stream and all its tribu· 
taries; thence east and north, about the upper parts of the Grand Gres, Little Kickapoo, 
and Plum Creek; thence north to the head of Otter Creek to the point of departure. 
Compared with this large tract, all the other areas are small. 

2 .. The Blue limestone is found in Sees. 13, 14, 21, 22, 23, 28, T. 8, R. 4 W., lying on the 
crest of the ridge, in a long strip about half a mile in width, comprising an area of 
about two sections. 

3. There is also a semi-circular strip in sections 1 and 2 of the same town, extending 
into Sec. 6ofT. 8, R. 3 W., and forming an area equal to one square mile. 

4. T. 10, R. 5 W. In this town the two small mounds nem· the village of Mt. Ster­
ling are capped with Buff limestone. 

5. InT. 11, R. 5 W. is an area of about two square miles, surrounding the village of 
Rising Sun, l.ying in sections 14, 15, 21, 22, .2~, 26, 27, 35 and on the divide between 
the Mississippi and Kickapoo rivers. . 

6. On the same divide, and in sections 15, 16 and 21ofT. 12, R. 4 vV., is an area equal 
to about three quarters of a section, situated about three miles south of Viroqua.. This 
is the most northerly point to which the Trentpn formation has been traced in this pa.rt 
of the state. 

7. InT. 11, R. 6 W., in section one, is an area equal to half a section. 
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8. In the same town in ·section 10, is an area equal to a quarter of a section. These 
last two areas are situated, on the high ridge which separates the Bad Axe river from 
Rush creek. 

9. There is quite a large area of Trenton about the village of Ellsworth in Pierce 
·county, T. 26, R. 17 W. It is ~ituated in sections 7, 18, 19, 20, and comprises about 
two square miles. The Trenton has here a thickness of at least 50 feet in many places. 
The Buff limestone is used for building stone, and is characterized here as in the south­
em part of the state by having a bluish gray color on fresh fractures, and in tim.e, 
Yreathering to a buff color which penetrates several inches from the surface toward!! 
the interior. The Blue limestone is less compact than in the southern counties :md 
ruore inclined to straw color. It is thin bedded and weathers in white rounded pieces. 

10. There is a large area in the town of Clifton situated in sections 22, 27, 28, 32, 33, 
34, T. 27., R. 19, vV., comprising about three square miles. ' . 

11. In the same town, in sections 24 and 25, is a small area. 
12. In the same town, in sections 29 and 30, is a small area. 
13. In Sees. 4 and 5, T. 26, R..l9, W., is a small area. 

That the above mentioned outliers are the re!11ains of a formation 
that was at one time lUnch 1nore extensive, cannot be doubted; but it 
does not now appear how large the area may once have been over 
which it was the surface rock. The outliers in Pierce county are so 
distant from those in Crawford county that we are not warranted in 
asserting that they were once connected, although it is possible that 
they may have been. 

It is, however, probable that the Trenton was deposited over as 
great an extent of country as is now occupied by the St. Peters for­
mation, and in the same localities. 

Paleontology. ·The Buff limestone is not as .fossiliferous as in the 
country south of the Wisconsin river. The fossils which are charac­
teristic of the formation are generally present, although somewhat 
indistinct and imperfectly preserved. In Pierce county, it is charac­
terized by a great number o£ Stroplwmena remains. 

In the Blue limestone the usual characteristic forms 'vere found, 
and as the stone presents the same lithological appearances of color) 
texture, etc., as in the Lead region, so also it appears to have sup­
ported the same forms of life~ In Pierce county it does not show the 
usual profusion of Brachiopods, but is characterized by large branch­
ing corals. 

GALENA LIMESTONE. 

This subdivision of the Trenton period was not found in any part 
of the territory examined, except in Crawford county, and a small 
outlier at Ellsworth, in Pierce county. In the former county it is 
fot~nd in a strip averaging about· a mile in width, occupying the high­
est part of the ridge between the IGckapoo and ~fississippi, extending 
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from Sec. 20, T. 9, R. 5 W., to Sec. 28, T. 7, R. 6 W., a distance of 
about fourteen miles. Fron1 this ridge the formation extends west, 
towards the 1\fississippi, in three small, subordinate ridges; and on the 
east it extends for a short distance on the ridges between the Grand 
Gres, Little Kickapoo, Plum and Pine creeks. The formation pre­
sents its customary lithological appearances. It is usually hard and 
compact in texture, of a yellow color, and contains numerous flints dis­
seminated through it. It is almost devoid of organic remains; and 
has not been found to contain ·any ores or minerals of value. 

·. 
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CHAPTER III. 

QUATERNARY FORMATIONS. 

I. THE GLACIAL PERIOD. 

In the country described .in this report, no deposits which are prop­
erly referable to the Glacial period have been found in the counties 
of Crawford, Richland, Vernon, Monroe, La Crosse and Trempealeau. 
The broad valley of the Trempealeau river seems to have formed a 
boundary, below which the glacial deposits were not formed. 

The most southerly glacial deposit observed is situated in Buffalo 
county, on the S. \V. quarter of Sec. 14, T. 19, R. 11 W., at an eleva­
tion of 380 feet above the Mississippi river. It consists of a small, 
isolated patch- not over 400 feet in its longest dimension- of small 
gravel, containing the usual drift materials, such as granite, quartz, 
trap, etc., but no large bowlders. It lies on the side of a small ravine 
near the summit of the ridge, and is exposed for a short distance by a 
road excavation. 

A similar deposit was seen on the S. ·w. quarter of Sec. 3, T. 19, R. 
11 W., on the ridge sloping towards Eagle creek, at an elevation of 
480 feet above the Mississippi. The materials are fine gravel, con­
taining no large bowlders. 

From these points northwestward, to the Chippewa river, patches 
of drift gravel are fourid at numerous points, but bowlders are rare. 
Beyond the Chippewa, bowlders and more considerable deposits of 
drift occur, but the glacial deposits nowhe~e ·appear in very great 
force within the district under consideration. 

II. CHAMPLAIN PERIOD. 

Valley Drift of the Mississippi and Wis~onsin rivers. There 
are numerous places in the valley of the Mississippi, on both sides of 
the river, where heavy deposits are found of materials foreign to the 
adjacent formations. The deposits consist chiefly of silicious sand, 
with some clay and a large percentage of small grave!. The gravel is 
chiefly composed of smooth rounded pebbles of quartz, granite_, trap, 
and fragments of other Archrean rocks. The pebbles seldom exceed a 
few otmces in weight. The deposits are, for the most part, stratified, 
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although this appearance is seldom visible, because, whenever an ex­
posure is made, as by a· stream cutting through the deposit, the sand 
and gravel, having but little compactness or coherency, soon slide 
down and cover the exposed face with a sloping bank. 

These deposits are not found contipuously in the· valley, but only 
in certain localities, where circumstances seem to have precluded their 
removal. Such localities m·e high grounds in.the valley, which are 
never reached by floods, and the sides of the hills about the entrances 
of small valleys adjacent to the river. ·In places where the bluffs rise 
directly from the flood grounds of the river, these deposits are not 
found. 

The following is a list of localities where these.sand and gravel beds· 
were observed: 

1. At the mouth of Sugar 'Creek, in section 16, T. 10, R. 6 W., and along the valley 
of the Mississippi for some dista11ce above and belcw, these beds occur at an elevation 
of twenty feet above the river. 

2. In tlle village o£ De Soto there is a very large deposit, which is found as high as 
fifty feet a.bove the river. · 

3. On section 4, T. 11, R. 7 W. About the sides of the valley of a small stream, and 
at an elevation of twenty feet above the Mississippi. 
· 4. Between the villages of Genoa an~l Coon Slough, for a distance of about four miles, 
the deposits are continuous, and as high as fifty feet above the Mississippi. 

5. In section 27, T. 15, H. 7 W., in the valley of Mormo~ Coolie, and aJong the bluffs 
east of the city of La Crosse, these deposits exist. From La Crosse as far up the valley of 
the Mississippi as the observations of the survey extended, the deposits were found spread · 
over the valley and along the brtse of the enclosing hills, seldom attaining an elevation 
of more than fifty feet above the river. 

6. Along the Black river, within a few miles of its mouth, there are numerous good 
opportuniti,es of examining the structure of the deposits, where the river has excavated 

• its channel through them. A notable instance is on the west bank at McGilvray's ferry. 
7. Along the line of the Chicago, Dubuque & Minnesota Hailroad, these deposits may 

he seen; and especially in the vicinity of Guttenburg and Turkey river. 
8. Mr. Whitney, in the Geologica,! Heport of 1862, mentions some deposits near Du­

buque and in the Catfish valley, consisting of cla,y, mixed with gravelly materials; and. 
in the same report there is a note of a bed of waterworn materials on the 'Wisconsin 
river, fifteen or twenty feet above the rivei·, a11d twenty feet thick, in which bowlderR as: 
large as two or three feet in diameter were observed. 

9. At BoydstDwn, on the '\Visconsin river, a short distance abo7e vVauzeka, beds of 
gravel and small bowlders were seen about twenty feet above the river. 

10. A short distance northwest of the bridge at Muscoda, a deposit of sand and gnwel 
occurs thirty feet above the river. Several other localities have been. observed. 

The circumstances under which the deposits are found lead inevit­
ably to the following conclusions: 

.P"irst. The material of which the deposits are composed was brought 
down by the Mississippi and Wisconsin rivers from the north, and 
was derived frpm the drift remaining after the ~elting of the great 
glacier. 
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Second. The valleys of those rivers were occupied by i~mense 
streams of water; extendfrrg-tO> the: bluffs on either side, filling the 
valleys. to a height now indicated by the gravel; deposits,, which aver­
age about fifty feet above the pr~sent water level. The siack:~wate~r­
from these riv:ers extended up tlie valleys of the tributary streams, in 
tlie same manner as is now ·Seen in the se~sons of high water, but to 
a much greater distan.ce; inasmuch as the pres.ent size of the Missis­
sippi and Wiscousin, when compared with those rivers dnring the 
Champlain Period, must be insignificant. ' 

Third. There was a period of depression, during which time the 
yalley of the Mississippi was depressed from the mouth to its sources; 
the depression being relatively greater at the sources than at the 
mouth. This depression, by decreasing the slope of the valley, slack­
ened the flow of the water, and permitted it to spread out over the 
valley. The same is also true of the Wisconsin river. 

Fourth. The period of depression was followe~ by one of elevation, 
during which the deposits were raised to their present level. The 
absence of terraces in the valleys indicates that the elevation was 
gradual and continuous, rather than interrupted; the evidence, how­
ever, is not conclu.sive, as such terraces may have been formed and 
afterwards removed. The elevation took place during the Recent 
Period, or the one following the Champlain. 

It is probable that these deposits, and the corresponding depres. 
si.on, took place during the Champlain Period, because this \vas. a pe· 
riod of universal depression of the interior of the continent. Prof. 
Dana remarks in his Manual: "The facts show that there was a vast 
and violent flow of waters down the }iississippi valley, bearing an 
immense amount of coarse detritus; a result commensurate with the 
width of the glacier that lay over the upper part of the great valley 
west of the Appalachians." . 

In regard to the absence of large bowlders, it may .be remarked 
that the deposits which remain are but a small part of what once wa1s 
deposited; that they are situated on what was then the extreme edge 
of the river, where .the strength of the current may have been insuf­
.ficient to transport such large masses; that wherever they were 
dropped, their great weight would cause them to assume a position 
near the bottom of the deposit, where they would not readily be Tisi· 
ble; and finally, in the second or Alluvian epoch of the Champlain . 
Period, to which I am inclined to refer these deposits, the material 
brought down by the rivers consisted chiefly of sand and gravel, which 
was deposited over the earlier or Diluvian beds. 

The absence of Champlain deposits on such streams as the Kicka-
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poo and Pine rivers is easily explained by the fact that their sources 
nowhere enter the drift region; and conversely, it might have· been 
argued that because they have no such deposits, they do not anywhere 
encounter the drift. .In the entire country examined, which includes 
their sources, no evidence of glacial' drift has been found. 

Swamps. It will be seen, o~ an inspection of the maps, that the 
northern portion of Monroe county, especially towns 18 and 10, 
ranges one east and one west, consists, to a large extent, of swamp lands 
drained by the Lemonweir river. These low lands, consisting princi-• . 
pally of hay meadow and tamarack swamp, extend to the Wisconsin 
river, and indeed there is. a large portion of the central part of the 
state in which theyf9rm a prominent feature. In 1872, while con. 
nected with the survey of the Wisconsin Central R. R., I observed 
these .swamps, extending from town 30, range one east, to the Penokee 
Iron Range .. 

Exposures are· not common in the·vicinity of the swamps, but a few 
instances were observed near tJ:!eir edges, where fresh water formations 
had been deposited in the form of regularly stratified layers of clay, 
intermixed with gravel.. It requires no great stretch of the imagina­
tion to suppose that the depression of the c~untry known to have taken 
place duri~g the Champlain Period, in connection with the abundance 
of water at that time, may have sufficed to .form shallow lakes where 
the marshes and swamps now exist; and that the subsequent elevation 
of the country by increasing their drainage, has left them in the form 
of swamps and marshes. 

It is reported to me as a fact. by farmers who have been for many 
years residents of }Ion roe county, that the marsh and swamp lands 
are much dryer than they for,merly were, and some parts of them ara 
under cultivation. ']_:his is often due to artificial drainage, but it is 
also frequently true where there has been no such drainage; and it is 
probably true that the swamps are generally becoming dryer, inde-

• pendently of artificial drainage. · 

III. RECEN'r PERIOD. 

During this period there was a general elevation of the country, 
which resulted in. bringing up the Champlain deposits of the river 
valleys to their present elevation, gradually increasing the velocity of . 
the rivers, and removing the greater part of the drift filling of the 
valleys, which had accumulated during the Champlain· Period. In. 
addition to this, fluviatile deposits were in progress on all the streams, 
and a general distribution of soil such as is at present constantly pro­
~ressing. 
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In the valley of Pine river, a short. distance above Woodstock, near 
the quarter-post of Sees. 25 and 36, T. 12, R. 1 W., is a good expos­
ure of Alluvium, which has bee~ cut away to make the road. It 
serves to show the materials of which the lower parts of the h!lls 
adjacent to the valleys ar~ formed; which materials appear to have 
been derived chiefly from the higher g:round above, and in the imme­
diate vicinity: 

. Feet. In. 
1. Black clay soil and vegetable mould .. .. • • .. .. .. .. .. .. .. .. .. .. . 1 6 
2. Subsoil, light sandy cl:;ty. • . . • • . . . . . • • . • • • . . . . . . . . . . • . . . . . . . . • 2 .. 
3. Interstratified and altermi.ting layers of sand and small pebbles . . 1 6 
4. Sand. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . • . . . • • • . . . . . . . . . 3 
·5. Loose conglomerate of sand and pieces of chert from 2 to 5 pounds 

weight, derived from the Lower Magnesian limestone . . . . . . . . . 3 .. 
6. Sand........................................................ . . 2 
7. Conglomerate of sand and chert, same as No.5 .. .'.............. 4 
8. Light colored, stratified sand. . . . . . . • . • • • • . . . • • • • . • • • . . . . . • • . . • 3 
9. Conglomerate of small pebbles . . . .. .. .. .. . .. .. .. • .. • .. • .. . .. . 5 

10. Sand.......... . . . .. . . .. . • .. . • .. . • .. . . .. . . .. • . •. . . .. . . .. . • . 3 

Total thickness exposed. • • • • . . . . . . . . . . . . . . . . . • . . . • . . . • . . • . . . 13 4 
=-

It must be remembered that this section is merely local, and not of 
universal applicatiop. It only serves to show the structure of the 
talus of the hill at this particular spot, and the nature of the materials 
which compose it. It is not probable that the order of the section 
would be preserved unchanged even through the distance of a quarter 
of a mile. 

Calcareous Deposits. During· the Recent Period, })rohably, the 
deposits of carbona.te of lime were made in the caves, irregular open­
ings. and :fissu!·es of the limestone rocks; which we now describe as 
stalactite, stalagmite and travertine. 

One of the finest examples of these cave deposits is that known as 
the Eagle Cave. It is situated on the farm of Mr. Orrin I-Ienry, on 
the N. W. quarter of Sec. 19, T. 9, R. 1 W. It lies on the top of the 
ridge, and in the lower beds of the Lower Magnesian formation; it is 
nearly horizontal, and counting its various branches and ramifications, 
it is about a quarter of a mile in length. Its greatest height is about 
thirty feet, which occurs in one of the chambers. The cave eontains 
several rooms or chambers, connected together by narrow passages 
somewhat obstructed by large masses of fallen rock. The strata 
eomposing the roof are quite level and horizontal, the floor is une-ven 
and irregular, and t.he width very -variable. ·The roof of the cave is 
covered with long and glistening stalactites, with long· stalagmiteo 
rising to meet them from the floor; and over the entire bottom of the 
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cave, encasing the fragments of ·fallen rock, is a heavy deposit of 
travertine. 

Thia cave has for many. years been a place o~ resort for visitors, 
whose vandal hands have to some extent marred its natural beauty. 
Its present owner, who cheerfully accompanies all visitors through his 
cave, by preventing the wanton destruction of the stalactites, hopes to 
restore it, in time, to its pristine beauty. Among other features of -· 
the cave, is a spring of cold, ciear water, situated ,in its farthest ex­
tremity, and having some undiscovered subterran~an outlet. 

Sinks. Near the entrance to this cav~ there is a fine opportunity 
to observe the surface and subterranean formation of one of the sinks 
which are so numerous in all parts of the country. On the surface, 
a short distance from the entrance, is a sink hole presenting the usual 
appearance of a funnel shaped dep~essio?, represented in section, at 
A, in Fig. 11. . 

FIG. 11. On entering the 
cave, we find a large 
conical m o u n d of 
earth situated di­
rectly under the sink 

The sinks are in alljrespects similar to the one described as occur­
ring at the Eagle Cave, and are doubtless formed in the same way. 
They are therefore indications of subterranean caves or fissures. 

A study of these caves and sinks, leads to the following conclusions: 
VoL. IV.-7 
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First, there must have been a period in which the materials of the 
rocks were largely dissolved and carried away by subterranean w,aters. 
Springs occurring in limestone districts are invariably "hard water," 
which is due to the carbonate of lime which they hold in solution. 
The quantity of lime thus constantly removed must be very great; 
and as the process has been continuous for a long period of time, it 
1nust have resulted in the formation of cavities within the earth, whose 
size, shape and direction would be influenced and determined by local 
peculiarities of 'the formation; such as preexisting crevices or joints,. 
or the varying hardness and solubility of different stata, or of the same 
stratum. 

In the case of the sandstone, which contains but little soluable 
material, the cavities are probably due more to an erosion of the sides 
of preexisting crevices, and to a mechanical transportation of the 
eroded particles. 

The origin of the stalactitic and travertine depos~ts, and the pro­
cess of their formation is thus described by Prof. Liebig: "Upon the 
surface is a fertile soil in which vegetable matter is constantly decay­
ing. This mold or humus, being acted on by moisture and air, evolves 
carbonic acid, which is dissolved by rain. The rainwater thus im­
pregnated, permeates the porous limestone, dissolves a portion of it, 
and afterwards, when the excess of carbonic ae.id evaporates in the 
caves, parts with_ the calcareous matter and forms stalactite; and when 
they are no longer in the line of drainage, a solid floor of hard stalag­
mite is formed on the bottom." 

In caves and fissures, found where the sandstone is the surface rock 
such calcareous deposits consequently w~uld not exist. 

Before concluding this report, I desire to express my thanks to all 
those persons who, during the past season, have, in various ways, 
aided and assisted the corps in the prosecution of their labors; and to 
the inhabitants who have alwavs received and entertained us with 
kindness and hospitality. 
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INTRODUCTION. 

The territory described in this report embraces St. Croix and Dunn 
counties; together with the western range of townships of Chippewa 
and Eau Claire counties, the noN;hern tier of Pepin, and portions of 
the two northern tiers of Pierce county. 

The limited time at my disposal, and _the large area to be exam­
ined- oYer two thousand square miles- obliged me to pass some­
what rapidly over the different portions of the district; but it is be­
lieved that suffici~nt data were obtained to fix with a reasonable degree 
·>f certainty all the more important geological features of the above 
territory. 

During the survey o.f these counties I have had the assistance of 
]Hr. E. l\1. Hill, who has given especial attention to the vegetation of 
the district. 

Plate IV, giving the distribution of the several groups, is based 
mainly upon Mr. Hill's field map, and the chapter on vegetation is in 
part a compilation of his notes upon this subject. 

In the construction of sections of rock exposures, I have b~en obliged 
to depend largely upon aneroid observations for the elevations of the 
exposures, so that those given are only approximately correct. 

In addition to work in the above area, the northern portions of 
Buffalo and Tremp~aleau counties were examined to complete the sur­
vey of the same by Mr. Moses Strong. 

The data obtained have be_en sent to Mr. Strong; but one or two 
sections will be presented with this report, on account of their bearing 
upon certain important questions discussed in the same. 

The formations at Chippewa Falls were also examined, together with 
the terraces along the Chippewa river south of that point, to complete 
the. survey of the Potsdam sandstone to the Archrean formations, and 
to gather further data concerning the work of the Champlain poriocl 
in the northwest. 

We found a large proportion of the district lying as nature had 
fashioned it, though little of it is owned by the United States govern­
tnent, most of the land being in the hands of private parties, lumber 
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companies, and the Fox River Improvement Company. The latter 
organization has in its possession and offers for sale, some of tho 
finest farming lands this part of the state affords, being situated, in part, 
in a region where the soi.l has been built up by wash from the Lower· 
Magnesian limestone, or where the glacial drift still 1~ests upon that 
formation. There is certainly little need of going to other states or 
to the territories for cheap valuable farming lands so long as our 
Northwest supports E:O sparse ·a population. It is a mistake to sup­
pose that all pine land· is poor and unproductive. An exclusively . 
pine region may be nearly valueless for farming purposes, but the best 
pine seen in this district grows in tbe midst of· oak, maple, etc., treeR 
which indicate the best of soil. 

In this forest region, in the central and northeastern portions of 
the. district, outcrops are very rare and wagon roads few and far be­
tween, and so it is quite probable that the true northeastern boundary 
line of the Lower J\~Iagnesian limestone may vary somewhat from the 
one given in the geological map of the district. 

Lack of time also forbade an exploration of the northeastern por­
tion of Dunn county, and it is possible that outcrops of granite, etc., 
exist here in the midst of the area of the Potsdam sandstone shown 
on the map, though lumbermen, questioned in regard to the nature 
of the rock, knew of no such exposures. 

In submitting this report, I take pleasure in acknowledging the 
aid of the people of the several counties, who have uniformly given 
all the assistance in their power, and furnished all the information 
in their possession to further the objects of this survey. 
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LOWER ST. CROIX. DISTRICT. 

CHAPTER I. 

I .. GENERAL GEOLOGY. 

By an inspection of the outline on page 103, it will be seen that 
1Jn1y the older and recent formations are represented in the district 
ander consideration, the intermed~ate ones being absent. The reason 
for this is clearly stated in Vol. I, and need not .be repeated here. 
· But it may be well to re-state a few of the reasons for the absence 

•:>f the later formations of the .Lower Silurian period in northwestern 
vVisconsin, as in so doing a better idea of the .order of succession of 
those that remain may be gained. 

FIG. 1. 
__ :;;_-, ... _ ... 

lllli.l~~~~-:..~-;~~~::=_:~':'~::~~=~~~=:::-_-:.,, __________ 1b 
:a. 

CHIPPEWA F.'Al,; 
1. Archrean formation. 2. Potsdam l!landstone. 3. Lower Magnesian limestone. 4. St. Peters 

!'!and!ltone •. 5. •rr~nton limestone. 6. Galena limes,t:.one; and 7. Cincinnati shale. a a. Present 
surface. b b. Former surface. 

It is quite possible that one or both of the later formations of the 
L~wm~ Silurian period o_nce rest.~d upp~; tpose now represented in the 
district at the time when the latter had a g\eater northward extension. 
The Galena limestone and the OirlCtnna~i shale now rest upon the 
Trenton limestone, a few miles to t.lie southwest in Minnesot.a. As 
the formations dip southwesterly, and as the later were deposited upon 
the earlier, the only portion of each formation which reaches the sur­
·face is its northeastern border or edge. . These borders, being exposed 
to denuding agencies in the subsequent periods, would retreat to the 
southwest so long as erosion continued. 

The accompaning·ideal cross-section from Chippewa Falls, S. W., 
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will illustrate this, and show the succession of strata. The dip and 
relative thickness of the. strata are but partially regarded in the 
:figure. · 

The Trenton and ~ower Magnesian limestones are more enduring 
than the underlying sandstones, and hence are found in isolated areas in 
St. Croix and Dunn counties capping, and tl1us protecting, biuffs of 
sandstone. The main body of these limestones lies in every instance 
a few miles to the south or west. 

Fig. 1 also shows why the older layers of each formation •are found 
to the northeast and at the same level as the more recent layers. For 
this rea~;on it would have been more systematic to have commenced 
on the eastern border of the district, and then worked to the west; 
but as we found it necessary to pursue the opposite course, the sec­
tions of ·rock exposures will be given in the order of the investigation 
of the latter. 
: 1. Names of the Formations Represented. The term, Archrean, 
applies to all the metamorphic rocks in place, examined in this dis-
trict. . 

Several geologiE:ts in the west have divided the sandstone, that lies 
between the Archrnan rocks below, and Lower Magnesian limestone 
above, into two formations; but no abrupt change in the nature of 
the sandstone, nor any unconform:,tbility in the layers was discovered 
in my district, and hence the name, Potsdam sandstone, is applied to 
the ent.ire formation as in EaHtern Wisconsin. 

The name, Lower ~1agnesian limestone covers a series of layers 
more nniforr~ly dolomitic than the same strata at the east, there be­
ing no layers of any thickness to which the term, sandstone, may be 
applied, with the exception of one horizon. It is possible that the 
upper layers in Northwestern Wisconsin are not represented by lime­
stone at the east, having been laid down after the deposition of the 
St. Peters sandstone commenced in those regions. In this report, 
these layers of limestone will be termed Willow River Beds, and the 
sandstone between these layers and the Lower Magnesian proper, the 
New Richmond Beds, from the localities in which these strata are 
best exposed and ~ost fully developed. 

The formation next above, to which the name, St. Peters sandstone 
has bPen applied in the Northwest, is more nearly like the sandstone 
at its typical localities in Minnesota than in Eastern Wisconsin, being 
quite uniform in thickness. and composition. 

The only layers of Trenton limestone which remain in my district 
are those that belong to the Lower lluff Beds and a few of the lower 
layers of the Lower Blue. 
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The loose uncompacted material deposited, distributed, an.d modi­
fied during the Glacial, Champlain, and Recent periods, rests uncon­
formably upon tlte granite, sandstones, and limestones of Archrean 
and Paleozoic times, as in other localities. 

The work of these three periods will be considered in connection 
with the topography, soils, and hydrology of the district. 

2. Distribution. Of these formations, viz.: .Arcluean, Potsdam 
sandstone, Lower Magnesian limestone, St. Peters sandstone~ and 
Trenton limestone, the second, third, and fonr.th cover large areas; 
the fifth is limited to the highlands of ·southern St. Croix, and Pierce 
counties; while the ~rst is exposed, so far as known, only at Chip-
pewa Falls. , . 

3. Dip ami l..,lexnres. The line o.f dip of the formations is from 
S., 20° W., to S., 25° W. 'The angle is very small. An angle of one 
degree gives a dip of over ninety feet to the mile. In the Potsdam 
and Lower Magnesian formations, the change is twelve and one-half 
feet per mile, or less than one-eighth of a degree. 

But, wliile the formations as a whole dipS., 20 or· 25° W., the local 
dip var;es considerably in direction and amount. The cause of this 
will be seen in the undulations represented in part by Plate II. This. 
section, viewed in connection with one acmss the .state of Minnesota, 
shows that the formations of my district lie on the eastern side of a 
broad but very shallow trough or !:lynclinal, trending south-southwest, 
having its lowest line in Eastern Minnesota. The eastern slope of 
the synclinal is not· continuous, bnt is interntpted by several anti­
clinals and synclinals of limited extent. The flexure at I-Indson is 
the most marked. This, however, possesses a dip of less than on~ 
degree; and, were there no evidence to the contrary, so slight a dip 
could hardly afi'ord sufficient reason for supposing·a fault to account 
for it, as was presumed by the earlier geologists. 

The layers of Lower lYiagnesian limestone on the east side of the 
anticlinal were found to dip as above; but exposures to the west in 
Wisconsin are rare, and the method used in obtaining the dip in this 
direction consisted in comparing the elevation of layers exposed at 
Stillwater and north along the St. Croix, \Vith the elevation of tho 
same layers at Iludson and Somersett. · 

If a fault exists, a careful exploration of .Apple river from Somer­
sett to the mouth would reveal it. This, unfortt{nately, we had not 
the time to make, and so that view will be entertained as correct 
which is suppo1·ted by the facts in our possession. 

How far the Lower Magnesian participated with the Potsdam in 
the movement which produced the fold, is not sho,vn by the rock ex-
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posed in western St. Croix county, and so it is impossible to state the 
time of the movement. If the folding commenced near the close of · 
the Potsdam period, the ridge of sandstone may have been partially 
denuded, and thus the Lower Magnesian limestone would be slightly 
unconformable. This supposition would account for the greater 
thickness of the upper portion of the Potsdatn sandstone in eastern 
St. Croix county. 

The following are the elevations above Lake Michigan of the base of 
the Lower J\'Iagnebian in the .vicinity and along the anticlinal axis. 
Though the line of junction is not shown at all these points, the 
figures approximate very closely to the true elevation. 

Feet above Lak8 .Micltigan. 
At Stillwater, Minn............. . ...••......•••................ 190 
At Hudson ...........••......•................................ 330 
At three and one-half miles east of Hudson .•..••...•...........•. 140 
At Marine on Lake St. Croix ......••......•••..•..•••............ 290 
At Somersett .................•..••..•...............••••.••..•. 400 
At New Richmond.~ . • • • . • • . • • • • • • . . . . . . • • • . . . . . . . . . . . . . . . • . . . . . 231 
At Sec. 24, T. 28, R. 20 W., on Lake St. Croix, five miles south of 

Hudson ..•..........•.•.••••.............•...........•••.... 280 
At Star Prairie, Sec. 1, T. 31, R. 18 W ..••............•••.••.••••• 366 

From these figures, it is probable that the anticlinal axis passes to 
the west of Star Prairie four or five miles, bears a little to the west 
of Somersett Postoffice, continues south southwest, to the crest of 
Hudson Bluff~ and passes out of the state, leaving Catfish Point (five 
miles south of Hudson) one or two miles to the east. · 

By an inspection of Plate II, it will be seen that the synclinal in 
these formations, east of the anticlinal, is quite m~rked. The bearing 
of this upon other questions will be discussed hereafter. 

The existence of other folds in the Potsdam and Lower Magnesian 
is suspected in the valleys of Rush and Red Cedar rivers, and from 
the direction of dip still further to the east, it is probable that theso 
flexures are not peculiar to Northwestern Wisconsin. 
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DETAILED GEOLOGY. 

CHAPTER II. 

DETAILED GEOLOGY. 

I. THE ARCH£AN FoRMATION. 

The granite at Chippewa Falls is the only exposure seen in my dis­
trict, the formation being bidden by the fragmental rocks at all other 
points. The rock is a coarse granite, composed of quartz, orthoclase 
feldspar, and greenish black mica. 

The surface is much cut hy fissures trending north, N. 22° W., N. 
10° W., and N. 6'7° E. The coat·seness of the rock and the broken 
nature of its surface exposes it to air and frost, and a rapid decompo­
sition is the result. For this reason the neighboring sandstone, it is 

. believed, is eq nally enduring as a building stone. 
As Chippewa Falls is on the boundary line of Arch::Ean rocks, other 

c~pos~u·es probably exist a few miles north and east. 

II. PoTSDAM SANDSTONE. 

This formation possesses a much greater thickness than all the other 
sedimentary rocks of the district combined, and is exposed over a 
larger area. Bordering upon the metamorphic and igneous rocks 
to the north and east, this sandstone stretches south and west, at the 
surface, till it passes from view beneath the Lower Magnesian lime­
stone. (Fig. 1.) 

The character of the sandstone varies somewhat in the different lo­
calities, apparently being dependent upon the nature of the metamor­
phic rocks to the north, and the abundance and kind of life. The 
sandstone seems to vary also with the vertical and horizontal distance 
at which it was deposited from the metamorphic rocks, changing from 
very coarse to fine, and from being quite purely. silicious to a rock 
that is freighted with impurities. At equal distances from the granite 
below, the character of these impurities and the size of the component 
gi·ains .seem to be quite constant throughout the district, and thus 
they afl'ord valuable horizons for reference in determining the posi­
tion in the formation of any outcrop 'of the sandstone. 

The most important of these horizons arc: l. Eau Claire Grit/ 
2. Ea~t Claire Tri~obite Beds/ 3. Hudson Trilobite Beds/ and 4 .. 
Line of junction with tlw Lower Magne~ian limestone. 
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The Ea'lt Claire Grit, exposed at the month of Ean Claire river, is 
a 'very coarse sandstone, with Scolithus tubes in one or two of the 
layers." The rock is so coarse that it has been termed a conglomerate, 
not without reason. 

The Ea'lt Claire Trilobite Beds al·e characterized by s~\;,eral species 
of trilobites not found at any other horizon, and also by being the 
]o,~er limit at \Vhich brachiopods \vere fonud in the sandstone. These 
beds likewise mark the lo\ver limit of calcareous matte1· in the formation. 

Tlte H~tdson Trilobite Bed.~ lie at the best defined horizon in the 
sandstone. These beds lie in close relationship to and between the 
Lower CalcareO'U8 Band and the layers which are richest in green.· 
sand, and thus cannot well be mistaken. The calcareous layers, abott.t 
ten feet in thickness, everywhere show a brisk effervescence when 
treated with acid, and frequently possess the jointed structure and 
weathering of limestone. For a list of the trilobites 'found in the 
layers below the Calcareous Band, see seetion I. 1. The shaly lay­
ers below the Trilobite Beds ar.e .intensely green from the presence of 
greensand (a variety of glauconite), which, so far as known, is true of 
no other horizon. 

The Line of J~tnction 'with the Lower Magnesian limestone may,. 
in nearly every instance, be recognized by the heavy brecciated beds 

. of limestone just above: But this character may fail in the extreme 
southeastern border of the district where it is possible that beds of 
sandstone are interstratified with the lower layers of the Lower Mag­
nes-ian limestone as ii1 Eastern vVisconsin. Though no instance of 
the kind has come to our notice, the character of the upper portion 
of the Potsdam sandstone, resembling quite closely, except in thick­
ness, the same layers in the eastern part of the state, seems to warrant 
this conclusion. 
- There is one other horizon, in which lies the Upper .Oaloareous 
Band ·(Plate III) that has been omitted in forming this list, on ac­
count of its variable position and thickness, but which is very inter 
esting~ as it possibly marks the horizon of the Mendota limestone of 
Central' Wisconsin. In the western portion of the district, about 
sixty feet below the line of junction, are three or four feet of calcare-' 
.ous sandstone. Fortj miles east-southeast, at the same horizon, are 
at least twelve feet of silicious (~)limestone, .gray in color, with red­
dish blotches. Near :Madison, Dane county, thirty-five feet below the 
Lower ·:Magnesian, is a limestone which possesses a 8omewhat similar­
character/ On the western line of· Sank county, 'the distance of this 
lim~stone below the line of junction is stated to be sixty feet. 

• 1 See Vol. II, p. 54a. 
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Ou Lake St. Cl'Oix and at :Madison the greensand has its upper 
limit at these calcat·eous layers. The sandstone above them is quite 
friable in St. Uroix county, but eighty miles to t4e southeast it cap~ 
numemus bl.{rffo, standing forth in vertical ledges, as in the easterJ1. 
part of the state. This change in its character is due to the increased 
percentage of calcareous matter present. 

But it may be stated. in this connection, that the propriety of 
making the upper ~alcareous layers, as defined above, the exact equiv:­
alent. of the Mendota limestone, is questionable. It is evideptly a 
closer approximation to state that the serit'S of_layers extending three 
hundred feet below the :Madison sa.ndston~ in Central Wisconsin is 
-equivalent to three. hundred feet in St. Croix county, of alternatii?g 
·ing 'calcareous, silicious and argillaceous layers extending dow~war~ 
from and including the 'Qpper Calcareous layers. 

The nature of. the rocks between the above characteristic horizon~ 
is indicated subsequently (Topic .A.). . 

In neady every layer of the Potsdam sandstone one finds eyidences 
oy which he may gain a partial knowledge of the previous hist~ry o! 
its component grains. 

The pebbles of quartz <md feldspar in the coarse sandstones, in th~ 
vicinity of Chippewa Falls, together with t'Lle layers of clay contain­
ing mica scales, show as unmistakable a relationship to the granit~, 
as the pebbles and sand upon a modern beach to the Cliffs at whose 
base they lie. 

The scales of mica, the quartzose S!lnd and the clay are found as3o­
ciaLed hundreds of miles to the southwest in this formation, .and as 
these minerals are. only given to sedimentary .rocks through the de:· 
compo.sition of granite, quartzite, etc., and as the metamorphic roc.ks· 
do not exist, except as small islands in those regions, the component 
minera~s of the sandstone, except those derived from shells of animals 
and tissqe[? pf plants, must have been ~erived from the main body or 
the Arch:::ean rock, lying at .~he northern borders of the. area of depo­
sition .. 

A. Composition. The chief components of the Po~dam sandstone. 
are silica, carbonate of lime and magnesia, approaching dolomite, 
greensand (Glauconite), and .oxide of iron, together with a varying 
quantity of clay. 

The formation is most· purely siliciom; in the lower and upper por­
tions, viz., from the granite to the Eau Claire trilobite beds and from 
the Upper Calcareous band (see Plate III) to the Lower Magnesian 
limestone. .Many layers in the iPtermediate portion likewise contain a 
very-large pel'centa.ge of qnartzose sand, but most of them are quite 
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impure. Most of the calcat·eous material was distributed between 
one and three hundred feet of the top, many of the layers being more 
properly limestone. Above this, in St. Croix and Dunn counties, are 
but one or two dolomitic bands, but in the extreme southeastern por­
tion of the district much of the sandstone effervesces freely, showing 
a considerable proportion of lime. 

The quantity of greensand varies greatly.in different localities, bnt 
it is nearly all comprised in the upper three hundred feet of the for­
mation, having about the same range as the calcareous matter. Its 
presence in a neighboring sandstone outcrop is nearly always indica­
ted by the green color of the soil. This is especially true where the 
IIudson trilobite beds are exposed, aod thus one is enabled to readily 
find this horizon. 

Iron oxide is found in nearly every layer, but it is most abundant 
and most uniformly distributed in the lower beds, where it performs 

, the office of cement, giving these layers much of their value as a build­
ing stone. It occurs also quite abundantly in some of the upper 
layers in the form of thin laminoo, often very much curved and an­
gnlated. 

Clay occurs in layers of considerable thickness in the lower half of 
the formation. In the upper half, it is found in the form of thin 
laminrn between the layers of sandstone; and is evenly distributed 
through the same, forming, between the Hudson and Eau Claire 
Tribolite beds, a bluish and reddish argillaceous sandstone. 

B. Thicliness~ At no one point in the district is the entire form­
ation exposed, and so, to obtain: the entire thickness from the Lower 
Magnesian limestone to the granite below, the sun'l of the thicknesses 
of the subdivisions is taken: 

Feet. 

From the Lower Magnesian to the Hudson Trilobite bed ..•..•••...•.•.• 200 
From the Hudson Trilobite bed to the .Eau Claire Trilobite bed ..••...... 200 
From the Eau Claire Trilobite bed to the Eau Claire grit .. ~ • . • • • . • • • . • 240 
From the Eau Claire grit to the granite (at Eau Claire), estimated. • • • . • . 100 

Total ...............................•........•.• · •••••.•.••••••. 740 

The last division is probably much thicker to the south and west, 
making the thickness of the formation range to eight hundred and 
one thousand feet. 

C. Description of Layers. In order to present_ the form:~tion as 
fl. whole, sections from Hudson, Menomonie, Eau Claire, and Chip­
pe\va Falls, will be presented first. The remaining sections will be 
given in the flame order, and the relationship of all may be seen by 
an examination of Plate III. 
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The exposures at IIudson do not show the upper fifteen or twenty 
feet of the formation, and, that the record may be complete, the miss­
ing link is supplied from an exposure a few miles dista~1t, where these 
]ayers are shown b.en~~tl~ the heavy, bt·ecciated' beds of the Lower 
Magnesian I i Illes tone. In the section they ~re marked Z.2 

Section I, Hudson. In descending order, the beds are as follows: 

z.' The upper layers are 9Qmposed of coarse, incoherent, red to white 
quartzo:;e s;md. The layers below are yellow to buff in color, com­
posed of netLrly pure quartz-sand, and arc for the mo::;t pmt quite 

Feet. In. 

fine in texture. Scolithus tubes are abundant ...... ·............. 20 
z.1 A buff, calc<Lreous layer above and a few shaJy layers of greensand 

below ............. · ....•.......•...........•....•....... ."..... 3 
z. Somev ha.t com pact, brown, calcareous .sandstone. One layer. . • . . . . • 2 
y. Brownish white sandstone, with wormhole fillin~:,I'S projecting. Efler-

vesce::; briskly .......... ·. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • 2 
x. 'Vhere long exposed, an uncomp<Lct, white sandstone, containing a 

sma.ll percentage of greensand. . . . . . • • . . . . . . . . . . • . . . . . . . . . . . • . • 8 
,v. Sa1ne as y................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
v. Sa1ne as x. . . . . . . . . . ..................•............ , . . . . . . . . • . . 8 
u. Partially turfed, but shows a few byers of white to buff sandstone, 

somewhat hen.vy bedded and quite fri<Lble. . . . . . . . . . . . . . . . . . . . . • • 12 6 
t. Similar to n, but much. stained by iron, which forms thick incrustations 

in places..................................................... 8 
s. Heavy bedded, mottled layers. The sandstonfl is yellowish brown, with 

numerous light colored blotches, in-egulm· in slmpe............... 12 · 6 
r. A buff colored, friable sandstone, giving a slight effervesce1lce. Ncar 

the bottom is about one foot rich in grQensa,nd. . . . . . . . . • . . . . . . . . . 3 6 
q. Heavy bedded, incohere1lt sandstone, with much green material dis-

tributed through it. A few fragments of trilobites were found.... 10 
p. Shaly sandstone, eftcrvescing ·slig-hUy with .acid, and holding much 

· green matt\rial. At the base the layers become thicker quite 
abruptly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . • . . . . . . . . • 27 

o. Compact., h~~~Lvy bedded, light buff sandstone, with reddish lmuinre. 
Portions dl:'cn-eHce briskly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

n. Dark brown on fresh exposure. M:my fragments of trilobites, but tho 
sandstone is RO fria,ble that but few could be identified ... Among 
these were the Conocephalites (sp. undct.) and Ptychaspis granulosa, 
A foHsil plant, Cruziana sp ? , was also found . . . . . . . . . . . . . . . . . . . • 5 

m. Thin bedded buff colored rock, containing much calcareous material,­
shown hy the limestone wea.thering, jointed structure, and brisk 
effervescence. ln the lower portion a, fragment of Paleophyc,us, sp. 
undet., \V<:tl:l obtained .............................. ~.......... )() 

J. Shades into m <thove and k below. In the upper portion were found: 
Couocephalites anatimus, C. diadematus, C. Bryon, two new species 
of Conoceplwlites (one minut~), and Ptychaspis granulosa. In the 
miclclle portion, Obolellce were found with the trilobites. The lower 
layurs tLre quite dark from greensand and iron stain, and conta.in 
ma.ny fragments of crinoid columns................. . . . . . . . . . . . 8 

· 1{. Turfed over except the lower four or five feet, where the rock is a da,rk 
green Rhitle ......••••....•.•.•....•••.....••............•..••• ' 17 

VoL. IV.-8 

' -.... ~ .... · .. 
,, 
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j. Dark buff sandstone with three or four layers containing greensand in-
terstratified ................................................. : 

i. Duff calcareous sandstone varying to brown, with-a few thin layers o_f 
greensand interstratified. Obolella polita is very abundant in the 

buff layers ............................................ . 
h. Green shale ......................... .". . . . . . . . ................. . 
g. The upper portion is mottled like s. above. The remaining layers are 

shaly, with colors varying from buff to brown, red and green ..... . 
f. Persistent sandstones, changing to fragmental above. Colors are light 

brown to white and reddish; the upper four feet are mottled ...... ; 
e. Very friable shale. The alternating white and slate-colored laminoo vary 

from one-eighth to three-eights ·of an inch in thickness ....... ~- .. . 
d. White sandstone, with reddish bands. The rock hardens on expos­

ure. Two thin layers of blue clay are interstratifiecl ............•. 
c. Alternating green and white sandstone ..................•........•. 
b. Friable, light buff, and yellowish sandstones, shown near the mouth of 

"\V"illow river . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . ......... . 
a. White sandstone, incoherent on long exposure •....•...........••.... 

a. - f. were tested and showed no effervesCence. 

Feet. In. 

10 

5 
5 

5 

13 

2 .. 

10 
3 

. 15 
10 

245 6 
-- -

Very little greem;and occurs below this horizon, and likewise but 
a small amount of calcareous material. No line of separation, nor 
any marked transition, was found in the entire exposure. 

Where not otherwise noted in the section, the sandstone is medium 
to fine grained. Under the microscope, the grains of quartz are 
white or transparent, and are both angular and rounded. The 
rounded grains are spherical or irregular, mostly the latter. The cal-

. careous material seems to perform the office of a cement; and when 
the rock is pulverized it frequently remains as a coating upon the 
grains of quartz. 

In the lower layers glistening scales of mica are abundant, especi­
ia11y in beds I, m and i. The U ppcr Calcareous band is not well 
shown at IIudson, but a few miles distant it is clearly defined. 

Between Sections II and III there is believed to be a gap of twenty 
to thirty feet; but ripon co11ating all the data in my possession, it is 
thought that the exposure at Rock Falls (Sec. 22, T. 2o, R. 11 W.) fur­
nishes most of the missing layers . 

. This exposure shows about twenty feet of thin to heavy bedded 
bufi' sandstone. At the top were found numerous specimens of 
Lingulepis pinnaformlis and near the base, layers of silicious shale 
are interstratified. 

Section II, Menomonie. Forty miles east of Hudson the follow­
ing vertical section is found, the topmost layers of which are believed 
to be equivalent to beds 1 and m of section I, above given: · 
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From above downwards: Feet. Inches. 
n. Thin bedded sandstone, with greensand and mica scales. The buff 

layers efferve_sce briskly. Fossils: C01~ocephaWes 1ninor, C. diadem.-
atus, C. Shumarcli,. and Agnostis paralis, together with Obolella 
pol·ita and Lin,qnlepis pinnaformis . . .. . . • • . • . • . . . . . . . . . . . . • . . . · 10 

Thin bedded, buff to orown, ~alcar~ous sandstone. Some layers are 
more properly called limestone. A few fragments of trilobites were 
found............... . . . . . . . . . . • . . . . ... . . . . . . . . . . . 12 

I. Greensand layers above, and mottled buff and green calcareous layers, 
and dark green layers from the presence of greensand below. The 
layers are thicker than those at the top ....... ~ . .. . .. .. . .. .. . . . . 1? 

k Ma.s~ive, yellowish to brown sandstone. . . . • .. .. .. .. .. .. .. .. .. . . . . .. 26 
j. "White sandstQUe above; then greensand layers; below which succeed 

thin, bluish, argilla~eous layers. Non-calcareous................ 5 
i. Massive light buff to yellowish-smdstone. Little or no greensand. The 

lower layers rather coarse. Lin,qulepis abundant near the base. The 
rock is non-calcareous, except at the bottom, where the thin layers 
effervesce freely .....••..•................... ~··· ........... ~... 56 

h •. _Yellow, loose, non-calcareous sandstone, much stained with iron. The 
lower two feet are white in color. . • . . . . . . . . . . . • . . . . . . . • . . • • . . • • • 8 

g. Coarse, red, yellow, and b~ff sandstone. The layers are thin and con-
tain much argillac.eous material. • • .. . . . . . . .. .. .. . . .. . . .. . . .. . . . 4. 

f. Similar to bed g, but more heavy· bedded and veined with iron ....... · 4 
e. Coarse, heavy layers, dark red to brown from the presence of iron. Con-

tain Obolella, etc ...........• ." ................... · . . . • . . . . . . . . . 4 
d. With the exception of the upper, these hLyers are compact and heavy­

bedded. Obolella, etc., abundant. Lighter colors predominate be-
low, though the layers are somewhat stained with iron. Greensand 
in many layers. No effervescence ............................. . 

c. Brown, bluish-green, and buff shale. Layers ratl1er compact and non­
calcareous. Obolella, etc., not so abundant a:s above .............• 

b. Similar to c, but with more iron. . . . . . . . . . . • . . . ........ · .. · · · ... . 
a. Heavy-bedded brown sandstone, used for builcling purposes. Fossils: 

Obolella polita, Lingttlepis tJinnaformis, Conocephalites ·1 ou;ensis, C. 
minor; and Hyolithes gregarius ..•••..••••••••••.•••••• · •• • • •••• 

8 

G 
15 

15 

190. 
--

.·. 

6 

6 
--

The layers described in the above section are exposed along the 
banks of Red Cedar river and Wilson creek, in the western part of 
tpe village. The layers of greensand, characteristic of this horizon of 
the Potsdam sandstone, are exposed at numerous points north and 
south of Menomonie, coloring the soil a deep green. They are not 
se€m to the east, as these layers have been removed through denuda­
tion, nor to the west, being_ covered by the more recent layers of the 
sandston.e. Twelve miles north of Menomonie, in the town of Sher­
man .(T. 29, R. 13 W., sees. 8, 17 and 18), some of th~ higher bluffs 
expose the layers of Section I, with ten to twenty feet of Lower Mag­
nesian limestone at the top. Tlie same is true, for the most part, of 
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the regions sou_th and northwest. In many of the ?luffs, possessing 
but a slight capping of limestone, numerous attempts have been· made 
to burn lime, but as the lowest layers of the Lower Magnesian lime­
stone are quite impure;these efforts are almost uniformly unsuccess­
ful. By an inspection of the section made at Wilson of the Lower 
liagpesian limestone, it will be seen how far above the line of junc­
tion it will be necessary to look for stone that may be successfully 
burnt. Excellent lime is produced from this horizon in the southern 
·part of the· county, but the bluff's in the town of Sherman are the 
only oi1es visited at the north, which hold the pure dolomite foupd at 
"\Vilson, though it is probable that many of the bluffs near the north­
western border of the county hold this stone in paying quantities. By 
an inspection of the ~Iap of Formations in the atlas accompanying this 

· ?'.ep01;t, it ~ill ~e seen where the layers of Sections I and II may qe ex­
pected. In one of the bluffs in the town of Sherman a quarry has- be.en 
opened and about two thousand bushels of lime burnt per year. The 
stone is a buff colored, massive, nearly pure dolomite, and burns to· a 
strong, dark c~lored lime. The owner finds a ready market at· va­
rious points in Dunn and contiguous counties.. About forty feet be­
low the quarry, layers· of sandstone are exposed on the slope, the 
structure of which, so far as observed, is peculiar to the upper layers 
uf the Potsdam formation. The rock at a short distance has the ap· 
pearance of a pudding stone, .but on closer examination it is seen to 
be made up of balls of light quartz grains, about one-half an inch in 
diameter, imbedded in a matrix of darker quartzose sand. Frequently 
scolithus tti.bes ·are found it1 the same connection. 

·The sandstone immediately below Section II was not observed, ex­
cept near Rock Fa1ls, in the southeastern portion o{ Dun~ county. 
In the bank of the creek near that village is an exposure of about 
t"renty feet of sandstone. The rock is thin above to heavy bedded 
below, where several layers of siliceous shale are interstratified. In the 
shaly layers above, valves of Lingulep1.:s pinnijarmis were seen in great 
abundance. From the character .of the rock and its fossil contents, 
and from its position in the formation, it is believeJ that this expos­
ure lies midway between Sections II and III, not entirely filling the 
gap between, as the distance between the two sections is probably 
more than twenty feet (see Section VIII, Arcadia). 

Section III, Eau Claire, sixty miles east of Jlndson, is composed 
of several subsections. The lower layers were found exposed near 
the mouth of Ean Claire river, and at the Dalles, two miles above the 
city. The upper layers were seen at one mile and at four miles above 
the Dalles. At the latter point, the Ean Claire Trilobite beds were 
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discovered in the high bank, nearly two hnndred feet above the ter­
race, on the left side of Chippewa river. I have learned since visiting 
Eau Cl~ire, that fossilifer~us beds, possibly the Trilobite beds, are ex­
posed a short distance below the city. ··The trilobites are quite sma11, 
and, with one exception, only the he::td and tail parts were discovered, 
the body segments having been ·destroyed. The exposures of sand­
stone are quite numerous in the vicinity of Ean Claire, and offer to 
~he geologist one of the finest fields for the study of the lower layers 
of the Potsdam formation that I have seen in the state. Within a 
radius of fifteen miles, the first three hundred feet of the sandstone 
may be studied in detail, hardly a layer being inaccessible. U nfor­
tnnately~ lack of time forbade a detailed survey of this region, and as · 
a consequence, sori1e of the upper and lower layers were not seen. 
But the undescribed bed's are above and below the point where 'uncon­
formability would be seen in the layers, if the sandstone below the 
Lower Magne.sian limestone is composed of two formations, as has 
been suggested by several ·writers. In descending order: 

o. Buff to brown sandstone. Rather heavy bedded, but becoming thin above and 
. below. Trilobites are very abundant in the heavy beds. The following 

species have been determined: Conocephalites calymenoicles, n. sp., C. 
Sp.? Agraulos (Bathyurus? j Woosteri ................... ~ ......••• 

n. Thin bedded shaly layers .................... · .••.•.......••............. 
m. Shaly layers becoming samewhat heavy below. The rock is a fine grained, 

buff to re~dish sandstone; some ot the layers 'are much stained with iron. 
Specimens of Lingu7epis pinniformis were found in the upper layers' ...• 

1. Similar tom. above. A few fraf{ments of Lingulepis pinnfformis were seen. 
The lower layers contain some very peculiar concretions. These are len­
ticuhtr in shape, with a. diameter (greatest) of fTom one to two feet. The 
concretions are composed· of. nearly pure quartz sand, and the grains are 
tra.n!'parent to translucent, and closely compacted ..................... . 

k. Light buff' sandstone, with layers one to two feet in thickness. Some of the 
lower layers are tmversed vertically by very ·minute, hair-like tubes, four 
inches and more in length. . 

The rock is coarser than any of the layers above, and is not quite so compact .• 
j. Not exposed ..• ; ......... · .............••.•••......•................... 
i. Loose sandstone, light buff in color ..................................... . 
h. Heavy-bedded, coa.rse grained sandstone, discolored with iron. The grains 

vary from one-third of an inch to less in diameter, and are quite closely ce-
lllented together. . • . . . . . . . . . . . • . . • ............................... . 

g. Thin bedded, white to reddish, and coarse to fine sandstone. Loose above but 
more compact below. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .......... . 

f. Loose to compact, bluish white, argillaceous sandstone. • . . . . . . .....•..... 
e. Buff sandstone stained with iron, similar to f. in textur-e .....•.. · ....••... :. 
d. The layers are buff to reddish and white in color, and fine to coarse in texture 
c. Bluish argillaceous layers ................................................. . 
b. Coarse to fine grained sandstone. The rock is somewhat friable, but it pre-

sents a hard crust where long exposed. The surface is ·brown from the 
presence of iron, but th~ r?Ck is buff to rcddiRh wi-thin ................. . 

Feet. 

12 
15 

7 

13 

15 
95 
'5 

4 
5 
,, .., 

10 
2 

'18 
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a. 1 These layers contain a much greater percentage of coarse material than b. 
Many of the component grains, or more properly pebbles, show a diameter 
of one-half an inch. The colors are dark from the presenc~ of iron, and 

}l'eet. 

1nica scales are abundant ..................••. : . • . • . . . . . . . . . . . . . . . . . . 20 
a. Coarse grit, shown on the Eau Claire river. Numerous worin-holes in several 

layers.............................................................. 9 

238 

The above layers showed no effervescence when tested with acid .. 
Scales of mica glistened in nearly every layer. As a whole the rock 
f1;om a to h is brownish red, and cross lamination is a marked fea­
ture. From k too lighter colors predominate. Layers containing the 
peculiar hair-like tubes were found exposed at the Dalles and also in 
the vicinity of the Eau Claire Trilobite beds. The layers and fossils 
above these beds are quite similar in the two localities~ and hence it 
is believed that, they occupy the same horizon. If this be true, the 
dip between the two exposures is fourteen feet per mile S. S. W. 
(This is the average dip of the forrnation.) . If the dip continues the 
same to Chippewa Falls, the topmost layers of section IV lie ten to . 
twenty feet below the base of section III. 

Section IV, Cllippew~ Falls. The layers of this section were seen 
in two exposures about one mile apart. From the nearly horizontal 
Jiosi tion of the layers, and from the comparative elevation of the two 
outcrops, they are united into one section as below. 

From top to base the beds are as follows: 

f. Coarse, dark, ferruginous sandstone. . 
e. Shaly layer with many quartz pebbles and scales of mica. 
d. Dark red, ferruginous sandstone. The layer is made up of fine and coarse quartz­

grains; and is sufficiently indurated to be used for building purposes. 
c. Similar to d, but lighter colored. 
b. ·Similar to <1, but coarser. Marty of the pebbles measure one-half an inch in diam­

eter. 
The above layers have a total thickness of 8 feet. 

a. Exhibits the cross lamination of the lower sandstones. The colors vary from red to 
buff. The bedding is rather heavy, and the rock is sufficiently persistent and fine 
grained to be quarried. The exposure measures 20 feet. 

The layers marked a were found exposed on Dnrican creek, north 
of the city, and b to f were seen near the depot. 

The bottom of the former quarry is fifteen feet above the granite 
exposed below on the same creek, while the latter outcrop is about 
fifty feet above the granite at the faUs on the Chippewa river. 

\Vith a few exceptions, the layers described in these four sections 
may be regarded as typical of the layers of the Potsdam sandstone 
occupying the same hori.zons in Northwestern Wisconsin. 

,, 
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'For convenience of reference, the location of each of these sections 
\vill be repeated here:· 

· Section I covers the layers exposed at I-ludson, seventy miles west 
soutlnyest of the Archman areas, and near the western limit of the 
Potsdam sandstone surface area. 

Section II gives the character of the sandstone at Menomonee, on 
the Red Cedar (or J\'Ienomonie) river, forty miles east of II udson. 

Section III was obtained near Eau Claire, on the Chippewa river, 
within a few miles 
of the Arch::ean a-

'

~~~~~~~~~~~~~~~~~~~~! rea, and about twen-ty miles east south-
east of ~fenomonee·. 

The layers of sand-

~~~~~~~~~~~~~~~~~~~~! stone described in Section IV are ex-
posed in the ba~1ks 
of the Chippewa 

~~i~~~~~~~~!~~~~~~i~ river and Duncan : creek, where these 

SnoWING Cnoss-LA11IINATION IN TllE PoTSDAM SANDSTONE ON streams have cut 
DuNcAN cnuK, cmrPEwA FALLs. tlnough the Pots-

dam Bandstone to the granite below. This section is located about 
nine miles north of the exposures covered by Section III. 

It is not to be expected that these sections are true for all the locali­
ties mentioned below; but it is believed that they give all the more 
i m portau t characteristics. 

Nos. III and IV illustrate the layers exposed in Chippewa and. 
Ean Claire counties and eastern Dunn; Nos. II and III, the layers 
exposed in middle Dunn, Pepin, northern Buffalo and northern Trem­
pealeau counties; and Nos .. I and II, the layers in western Dunn, 
central Bufta.lo and southern Trempealeau counties, and No. I illus­
trates the layers in St. Croix and Pierce counties, and those portions 
in the other counties contiguous to Lower Magnesian limestone areas. 

The position of all the exposures from which sections were made, 
may be seen at a glance by referring to Plate III. 

At Somersett (Sec. 3, T. 30, R. 19 W.), ten miles northeast of l-Ind-: 
son, are several exposures which are important from the fact that they 
are situated upon the summit of the l{udson anticlinal, thus fixing its 
trend. -. 

The exposures, combined to form 
·Section V, Somersett, are located n~ar the north line of section 3, 
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ene mile below; and in a bluff one-half a mile west of the second out­
crop. In the section, g and h arc from the last. 

h. Mostly turfed over, but near the top of the bluff are uniform th!n bedded lay­
ers of sandstone somewhat fer111ginous; midway a highly ferruginous s~tnd­
stone is exposed; 'and near the base an outcrop shows numerous concre-

Feet.. 

tions, one to four inches in cliameter, highly charged with :imn . . • . - .. .'. 37 
g. Unexposed.............. . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . • • . 34 
f. Heavy bedded brown sandstone used for builcling purposes. Some green ma-

terial in the lower portions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 15 
e.· Thin bedded light buff sandstone with limestone weathering. Greensan<l 

quite abuncla;1t above. Near the base are several layers containing trilo-
. bites. Pt!JCll('(spis (Sp. undet.), Con.ocephctlites Er',ljon . . . . . . . • . . . • • . . . • 25 

d. Buff rock with layers containing greensand interstratified....... . . . . . . . . . . . 10 
c. Thin beddecl sandstone, dark to light green in color, as the greensand is more 

or _less abundant.................................................... 10 
b. Partially hidden, but showing in places much green material. . . . . . . • . . . . . . 15 
a. Dark green layers containing greensand ..............•••.......... ; . . . • • 5 

151 

The. bed a is about two hundred and twenty feet above Lake Mich­
igan, and by comparing the layers of Section V with those of Section 
I, it will be seen that the base of the Lower Magnesian limestone, i~ 
present, would have an elevation of nearly four hundrerl feet. 

Between vVilson and l{napp, thirty miles east. of Hndson, along 
the West Wisconsin railway, are .several exposures which show the 
lo·wer tvvo-thirds of the Lower Magnesian limestone, and nearly one 
hundred and fifty feet of the upper portion of the Potsdam sandstone,_ 
illustrating the transition from one formation to the other very finely. 

Owing to the dis.tance between ths-: cnts·, the absence of marked 
layers, and a heavy down grade in the opposite direction from the 
dip, some difficulty was experienced in uniting the exposures of the 
Potsdam sandstone into one section. 

Section -VI, 'l'V ilson. 
From the Lower Magnesian Limestone downward: 

f. Transitional buff layers. Some of the upper ar·c cross laminated, and several Feet. 
are quii,e fragmental, the angular pieces being light and dark Luff in col-
or. Mo3t of the byers show a bri::;k effervescence. . . . . • . . • • . . . • . . . . . . • • 15 

~. The layers of sandstone are white and Luff, with small quantities of green-
sand, and are frequently veined with iron . . . . . . . . . . . . . . . . . . . . . . . . . • • • 20 

(t Mostly vrhite sandstone veined with iron as in e. A few layers of chert and 
limestone near the middle ................................. ·. . . . . . . . . • • 30 

c. Intensely fei-rugu1ous, giving the exposure a deep brown appearance. The 
lamime are much contorted, and concentric. . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

b. Brown above to 'vhite and buff below. The layers, like those above, are quite 
friable. One or two calca.reous bands near the top . . . . . . . . . . . . . . . . . • . • 30 

a. Quite uniform layers of white sandstone; somewhat more compact than b.... 30 

145 

,' 
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At Lower Knapp the Lower Magnesian limestone caps the bluffs, 
but with few exceptions the Potsdam sandstone is unexposed. 

A well in the village shows greensand layers with trilobites 
( ]Jtyclwspis granulosa) and brachiopods two hundred and twenty 
feet below the Lower Magnesian, indicating a greatt~r thickness of 
the upper portion of the Potsdam than at IIudson. 

The remaining exposures of the Potsdam sandstone visited sup­
ply no new features, excE'pt, perhaps, the o~tcrops on Gilbert creek 
and at Arcadia on Trempealeau river. 
· Along the south fork of IIay river the sandstones of Section I are 

well exposed, and at Roberts' Store (Sec. 22, T. 31, H.. 14 vV.) .Dicello­
cephalus sp. and J>tychaspis minuta, sp. n., were found in greensand 
layers of the.horizon of the IIudson Trilobite beds. . 

.Near the headquarters of Gilbert creek (Sees. 31 and 32, T. 28, R. 
14 W.), nine miles southwest of ~Ienornonee, the upper calcareous 
layers of the Potsdam show unusual thickness. As there is likewise 
a fine exposure of tl~e 'Lower Magnesian, the entire section is given. 

Section VII, Gilbert Creek. · 

i. lleavy bedded, compact, dark gray, brecciated limestone, containing nu-
merous cavities lined with quartz crystals ....................... . 

h.· Turfed .... : : : . : : .. : . : ............ ·. . . . . . ; ....... · ... · ...... · · .. . 
g. Heavy bedded, brecciated limestone, about ....•...•................ 
f. Turfed, except the upper portion, where thin layers of samlstone and 

lin1estone alternate ................................ · ...........• 
e. 'Similar to d below, about ......................................••• 
d. Friable, fine textured, reddish, yellow, buff, and white sandstone ....•• 
c. Not exposed, about ..............................................• 
b. Not exposed, but is struck in wells where it is said to be limestone ....• 
a. Exposed in Gilbert creek one-half a mile below. Has the bccltling, jointed 

structure, a.nd weathered appearance of limestone. Effervesces slow-
ly. The colors a.re buff aml red. Some of the lower layers are light 
butt' with numerous red blotches ........•..•.•••.•••......••.•.. 

Feet. IMhes. 

22 
37' 
18 

20 
20 
16 
20 
12 

8 

G 
6 

78L .. M. 
96P. 

174 

This gives a thickness of about twelve feet for the calcareous lay­
ers, and eighty--five feet for the sandstone above (Madison beds). This 
is about the thickness of the latter at Lower Knapp. 

A blnft' near Ai·cadia (S. E. corner of Glencoe, T. · 21, R. 10 W.), 
nearly five hundred feet in height, exposed at intervais on its slope, 
numerous characteristic layers of the upper half of the Potsdam sand­
stone, covering Sections I, II, and part of III. The el~vations are 
the heights of the lniddle of the several exposures above the depot at 
.Arcadia. 
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· Section VIIT, Arcadia. Feet. Inches. 

i. At 493 are two layers of white sandstone, two feet apart. Total. . . . . 5 6 
h. At 442 are shaly, calcare~us layers of sandstone.. . . . . . . . . . ... • • . . . . . 2 
g. At 436 is a ferruginous sandstone. A layer at the base is a reddish 

brown qu~u:tzite .....•.........................••.... ~ . . .. . . . . . 6 
f. Orange-colored sandstone at 420, with a thickness of ....•••.• ~ . . • • • 15 
e. At 354 are several layers, which have the weathered appearance of 

limestone: Cream -colored rock, with a slow effervescence, five feet; 
yellow sandstone, one and one-half feet; conglomerate, three and 
one-half feet; thin bedded, uniform layers, with a brisk eff~rves-
cence, three feet. Total. . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . • . . . . 13 

d. At 324: Thin bedded buff sandstone, two feet; one layer of dark 
green material, one-~nth foot; buff' sandstone, with greensand in­
terstratified, two feet; heavy bedded dark buff s:mdstone, two feet. 
Total ..................................•................. ·• 6 1 

c. Buff sandstone at'·145........................................... 4 
b. Exposed at Ettrick (Sec. 30, T. 20, R. 7 W.), thirteen miles southwest 

of Arcadia. The same, if exposed at Arcadia, would have an eleva­
tion of ninety feet above the depot. Buff and brown medium bed­
ded sandstone, with the following trilobites: C01wceplutlites caly- , 
menoides, n. sp., C. Iowensis, C. ~llf.inor, C. (Crepicephaltts) 1-Vis­
consinensis, C. n. sp., Crepicephalu,c;; onustus. n. sp., Ptychaspis 
granulosa, and Agraclos ( Bathyurus?) Wooste1·i, n. sp . . . . . . • • . . 10 · .• 

a. Heavy dark brown layers of friable sandstone, containing Obolella po-
lita, and ConocephaUtes lowensis. Elevation, 22................ 4 

65 7 

The Lower Magnesian in the vicinity has an ~levation of five hun­
dred and twenty feet above the depot at Arcadia. The upper calca· 
reous layers (=a, S.ection VII, Gilbert Creek) are partially exposed 
at h, seventy-eight feet below the Lower Magnesian. 

The lower calcareous layers, with the greensand ( = I-Indson trilobite 
beds), are exposed at d, and e, one hundred and eighty feet (av.) below. 

The upper layers of Section III (Eau Claire trilobite beds), and the 
lower of Section II (Menomonie), are evidently comprehended in b 
and a, indicating a greater gap between II and _III than was supposed. 

Had there been a little more time at our disposal, the missing 
members of the series of layers from the Archrnan to the Lower Mag· 
nesian limestone might all have been. supplied; but it may be ques­
tioned whether new or important data would have been obtained, as 
the sections made in the contiguous districts must cover the unde­
scribed strata. 

D. Uses. Everywhere there is sufficient quartzose sand for all the 
purposes for which it may be used, but good building stone from the 
Potsdam is not common. 

The layers used for that purpose are: those exposed in Section IV; 
in the lower half of Section III; in the lower:;t subdivision of.Section 
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II; and in the si1bdivisions below and above the I-Iudson Trilobite 
beds in Sections I and. V. 

These layers are much ·used in· Chippewa Falls ·and ltfenomonee, 
especially in the former, where buildings constructed of sandstone 
have stood several years, the stone being harder than when first put 
in to the walls. 

In 1876, the sandstone sold readily for nine and one-half ~nd ten -
dollars. per cord, delivered. 

At J\{enomonie, the ston·e is more uniform in color and seems equal­
ly durable, becoming more indurated with age. 

Fo~·tunately, in St. Croix county, the presence of good limestone 
compensates for the absence of the more compact sandstones; though 
several layers of the ·latter are used for foundation walls, with good 
r"esults. 

III. TrrE LowER MAGNESIAN LIMESTONE. 

Resting upon the Potsdam sandstone and carrying upon its upper 
surface the St. Peters ~andstone, this formation marks at least two 
more or less abrupt changes in the level of the northwest. 

The large amount of lime (carbonate of lime and magnesia, and car-
t.Jonate of lime) in some portions of the Potsdam, was a prophecy of 
.he nearly pure dolomite that was to follow; but geologists have long 
oeen in doubt as to the source of the material and the method of de­
~ osition in this succeeding formation. 

In 1i1ost eases where a limestone is believed to be composed of fine­
ly comminuted shells and corals, the fact is indicated by fragments 
o.f these; but in this formation none were discovered, except in the 
middle and upper layers. Some have supposed the limestone to be a . 
precipitate from the waters of the oeean, but this hypothesis, it seems 
to me, has far less support from the formation itself. The great abun­
dance of carbon di-oxide, both in air and water, the fact that the 
rock is a carbonate and not another salt, the consequent necessity for 
exposure to the air that the same may remove tlu} excess of carbon 
di-oxide from the water, all present difficulties more serious than the· 
f:li~gle one of paucity of animal remains. Limestones of unquestioned 
organic origin, just as compact and just as free from organic remains 
ai·e being laid down in modern seas. Evidence of an oscillating .bed, 
unequal deposition, and a stormy ocean are very apparent in this 
limestone in St. Croix county . 
. The first layer above the Potsdam sandstone is usually massive, 
irregular, and brecciated. In the middle and upper portions of the 
formation numerous "ri1ounds" occur, varying in diameter from two 
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feet to as many rods. (See Fig.. 3.) Iri ·the npper portion arc a few 
layers that are quite ·conglomeritic. About one hundred feet from 
the base are fonnd, in sevel'al locn.lities, a few inches of white qnartz­
oze sai1d. Til is laye1· probably represents in Wisconsin the horizon of 
the Jordan sandstone of Minnesota.. There may have been a slow ele­
Yation during which sand was depnsitecl, and as the la'Jd emerged from 
the water, the waves and sul'faee waters may have carried the loos~ 
sand down· the valley and redeposited it in central :Minnesota. Then 
the ocean may have advanced till sufficient depth was attained fo1 the 
renewal of the deposition of first a thin layer of stands tone ( ex..:•.ept­
in hollows favorably situated, where several feet.were· laid do'ivn and 
retained); then numerous horizontal ·layers of limestone quite unifvrm 
in texture and structure. · 

Lastly, all the fossils obtained, except those from th~ upper or New 
Richmond beds, were found imbedded in masses of chert. This would 

Fm.3. 

:MOUND IN THE LOWER MAGNESIAN LlliiESTONE NEAR BURKHARDT'S :MILL ON WILLOW 

RIVER, SIX 1\IILES NORTilE.&ST OF HUDSON. 

indicate that the fossil shells were protected fro~u qestroying agencies 
by the more enduring qualities of chert, given to the fossils and sur-' 
rounding rock by silicious waters. 

The fossil remains of animals now found in the rocks are evidently 
but a small remnant of the life that existed when the layers were be 
ing deposited. Not only were tl1e ::;hells and corals broken and ground' 
by the waves, and thus destroyed, but many that then escaped were 
afterwards d~ssolYed by water soaking through the calcareous mud 
before induration, and thus have also left no trace of their existence 
other than the carbonate of lime of which their skeletons were com- . 
posed. 

A. Composition. The Lower Magnesian _limestone is a dolomite 
with a varying amount of arenaceous and argillaceous material. The 
proportion of green.sand is very sm~ll. · -

In the l~wer half of the formation the numerous cavities are fre­
quently Une9, with ~rystals of quartz; in the upper, lQntictllar and 
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irregular masses of chert, and a few layers of silicious oolite char­
acterize the formation in many localities; and about eighty feet fro~ 
the top a varying amou,nt of quartzose sand is interstratified. 

Clay, when pt·esent, is in the form of thin seams, or is distr.ibuted 
uniformly through the limestone, rai·ely giving it a schistose struc­
ture. 

B. Thickness. Few localities .in the district expose the entire 
formation.· 

At and near Willow ·RiYcr Falls, the thickness is one hundred and 
eighty-five feet. On Lake St. Croix, near the month of Kinnickinnick 
river, one buudred and fifty-two feet of the formation is shown. 
This, after allo"Ying for denudation above and non-exposure below, 
would. indicate about the same thickness as on '''illow river. 

Description of Layers. Few features of this limestone a.re con­
stant, and n~ two sections agree except in the more general character~. 
Above, t.he formation presents medinm, even beds, fossilifero.us lay­
ers often curved or arched, and frequently a rough, "rotten'' surface 
on \Yentheri ng. 

Below, the limestone is usually heavy bedded or ma~si ve, and in 
ledges it presents an in:egular, cavernous face. But in several expos­
ures \vhose horizon is unquestionab1e, these characters, excep.t the 
last, fail entirely. This was undoubtedly occasioned by local infl.uen­
~es, for the massive features soon recur. 

The expo·sures at vVillow River Falls and vicinity may be taken as 
the type of all. These exposure$ are-six to nine miles northeast of 

lludson. 
~ection IX, 1Villow River. 
In descencfu1g order: Feet. In. 

j. Drown to yellow and white sandstone. Fria hle, except where cemented 
by iron. These are tl1e lower byers of St. Peters sa,ndstone....... 25 ·~. 

i. Thin htycrs of ferrugin~us sandstone and limestone alternate at the top. 
The transitionall&yers become more hea,vy bedded below. At the· 
base oolitic layers and coarse granular beds containing gasteropods 
are exposed. Locally the rock is quite eonglomeritic. . . . . . . . . . . . . 10 

b. Bufl to bwn colored limestone. Many layers are either oolitic or po-
, rous. The heavy beds above gradua.te into thin, compact layers 

belO\V ·. ·. · · · · · • · · · · • ·. • •. · · · . • · · · • ·. · · ·. · • ·.,,,............ 20 
g. Buff, granular, crystaline to compact la,yers containing gasteropocls.... 15 
f. Fawn colors predominate. 'l'he rock is a very comp~tct, thin bedded 

limestone; in part slightly siliCious, and in part a nearly pure dolo·. 
n1ite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 20 

Similar to f, except that many of tl1e layers arc quite heavy bedded, 
are more brecciated and porous, and show numerous byers of chert. 
Along the left bank of Willow river these byers form a succession 
of a.rches. One meal:!urecl four rods between lowest point'!, and had 
an eleVtLtion of five feet. Beneath these arches the rock is imper-
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fectly stratified, ft.ricl is oft:m very irregular and fragmental, with Feet. In. 
traces of minute gasteropocls. The right bank q_id not show arches 
to correspond, and hence it is believed that those exposed are sec-
tions of mounds . . . . . . . ...•.. ; . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 30 

d-- Hea.vy l.mf[ beds, showing between several layers numerous cavities, ap­
parently producecr oy- the removal oi b:re.cciated masses two and 
three feet in diameter ................................... ·-····. .. •. 25 

c. Heavy beds, somewhat regular and uniform ................... ; . . . . 30 
b. Similar to <1, but more massive, showing few lines of stratification: 

The rock is fine in texture, and gray to light and dark buff in color. 20 
a. Not exposed ........••••..•........... ~ ....... : .................. 10-15 

180 to 185 ft. limestone, 25 ft. sandstone. 

The mounds mentioned under e seem to have been produced by un-
equal deposition, which left the calcareous material in irregular, 
nearly unstratified hillocks. Some of the layers thin out as they ap­
proach the mounds, while others are lost in reaching them, becoming 
irregular and ill-defined. Above, the layers arch over, retaining their 
normal thickness (Fig. 3). 

The space a covers the estimated distance to the Potsdam below. 
This entire section is derived from a series of. exposures from the falls 
to Big Mound. 

At Mt: Hellen, midway, the uppermost layers are shown near the 

FrG 4. 

a 

~--~5tt~--------~ 

SHOWJNG CURVED STRATA IN TilE LoWER MAGNESIAN LIMESTONE AT JEWE'rl''S MILLS. 

base, the remainder of the slope being occupied by St. Peters sand. 
stone and Trenton limestone. The same, likewise, is true of the Big 
Mound. Thetransitionallayers are best exposed near the north line 
of Sec. 1, T. 29, R. -19 W., on Willow river. 

In the pank of Willow river, at New Richmond, the oolitic layers 
are well shown; and at Jewett's Mills (Sec. 4, T. 20, R. 17, Vf.), curv­
ing lines of stratification, wtth several conical elevations, are exposed, 
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~bout sixty feet below the line of junction. .(See Fig. 4.) This would 
place the ~rching layers near }.~It. IIellen and Jewett's Mills at about 
the same distance from the sandstone above. }.~Iidway, and at the 
same horizon, sandstone was penetrated in sinking three wells in S~c. 
23, T. 30, R. 18 W. 

This information was obtained frmn Mr. Straight, owner of well 
No.1: 

(1.) (2.) 

To rock... . . . . . . • . • . . • . .. . .. • . .. . • . 25 ft. (about) 15 ft. 
In limestone .............................. 28 ft. (about) 15 ft. 
In sandstone............................. 7 ft. (about) 15 ft. 

(3.) 

10 ft. 
3 ft. 1 

12ft. 

On visiting well No. 1, the material thrown from the well was found 
to consist of white and yellow sandstone and fragments of oolitic lime­
stone. This sandstone must occupy a pocket, as other wells in the 
neighborhood do not strike it. The pr~sence of thin layers of sand­
stone at the same horizon in other portiom1 of the district, and the 
character and thickness of the limestone above and below, indicate 
that in this sandstone we have the eastern equivalent of the Jordan 
sandstone of MinnerilOta. 

On A.pple river near Star Prairie (Sec. 1, T. 31, R. 18 W.), twenty 
miles north northwest of Hudson, the lower layers are again exposed. 

A section of the same will be given, as the rock shows an unusual 
amount of greensand, and is well exposed. 

Section X, Star Prairie. 
Feet. 

g. Coarse, brecciated, non-uniform limestone. 'Much green material near the top, 15 
f. Compact, dark gray, angular limestone. Lower portion thin bedded with 

greensand between the layers and in cavities . . . . . . . . . . . . . . . . . . . . . . . . . 10 
e. Compact, heavy beds below, with grf!en particles uniformly distributed . . . . . • 10 
cl. Medium beds composed of wave-like laminre. Dark gray, compact to cherty, 5 
c. Heavy layers with one containing hummock-like elevations five feet from the 

base ................ ·.·............................................. 10 
b. Coarse, crystalline limestone, dark buff to gray. . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
a. Alternating layers of limestone and sandstone. The upper layers of limestone 

are somewhat regular, but the lower ones are very irregular,- hummocky. 
The middle layer of sandstone is argillaceous and fnabl€!, while the lower 
one is composed of coarse sand, and is of medium hardness. The colors 
are buff to reddish yellow ............. · . · · . · . · . . . . . . . . . . . . . . . . . . . . . . 10 

70 

At Rose lake (Sec. 18, T. 31, R. 17 W.) is an exposure of massive 
or heavy-bedded limestone, at the same horizon as b, section X. Three 
and one-half miles east of Hudson, the ttpper layers of the formation 
are shown in a continuous ridge, at an elevation of three hundred 

1 'l'hin, slaty limestone. 
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~eet. This ddge trends to the southwest, and reaches Lake St. Croix: 
~t Catfish point, where the base of the formation is shown at an eleva­
tion of two lnmd1·ed and eighty feet. These. layers pass heneath the 
s~uface of the lake near the month of Kinnickinnick riv~r. Along 
the lGnnickinnick, the· entire formation is shown, but it presents no 
new features, except a layer of white sand about· one hundred feet 
above the Potsdam. 

At Sec. 11, T. 28, R. 18 W., the following fossils were found in the 
horizontallayers·near the npper line of jnnction: St·raparollus? n. 
sp., Bu;(Jania .t? sp. ? (strongly trilobed), Leperditia, sp. undes9ribed. 

These layers seem to have been partially removed in centl~al and 
eastern St. Croix· county, as water is struck in sinking wells, after 
penetrating the limestone fifteen to twenty feet, or after reaching 
the· horizon of the New R~chmond sandstone. Fnrthermore, the 
transition to the sandstone above, instead of being gradual as Willow 
rivei·, is qtiite abrupt, being uniformly ma1·ked by two to three feet 
of angular chert. 

Near vVilson, on the West Wisconsin railroad, the cherty layers 
are well exposed, and the section will be given, as masses of chert are 
a prominent featnre of the drift fr(>In this point southeastward. 

~ection XI, Wilson. 
e. These layers are compact; fine grained at the top, and cryHtalline at the mid- Feet. 

d.le and LetHe. Many cavities in the lower portion are lined with quartz 
crystals. lntenstratified masses of chert are abundant. The limet:Jtone 
effervesces reaflily . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

d. Similar to e, but more heavy bedded. The rock has the a.pperu:ance of a sili~ 
cious limestone, but acids Hhow it to be a nearly pure dolomite. . . . . . . . . 30 

c. Heavy beds, quite rcguhtr and free from chert. The rock is granular, crystal~ 
line in texture, and is an unusualiy pure dolomite in composition.......... 14: 

b. Irregular, brecci<tted limestone. Locally all lines of stratification disappear, 
and the rock Lecomes cavernous. Some of the excavations are two and 

·three feet in diameter. At the base the rock becomes more regular, and 
·thin. beds 'of sandstone ·are inb~rstri.itified .... · ..... ·. · .. ·..... . . . . . . . . . . . . 8 

a. Transition'aJ huff iayers. Some of the upper are .cross laminated, and several 
are brecciated. . . • • . . . . . . . . . • • • . . . . • . . . . . . • • . . . . . . . . . • • . . . . . . . • . . . . • 5 

--· 
95 

East of Wilson the lower layers of. the Lower Magnesian lim~stone 
cap many of the bluft's and ridges, and south and southwest, expo­
sures are numerous, but all are quite similar to the limestone at 
Wilson. 

Uses. At all points, this limestone is well adapted for use in piers, 
walls of buildings, and other masonry; but, few of the. layers burn 
successfully to lime.· The lower layers seem best adapted to the lat­
ter purpose. 
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, At Wilson, four to five thousand barrels of lime per year were burnt 
from the· stratn rn c, ~ection XI.· One cord ·of wood was used to 
twenty batTels of lime. :Mot·tar from this lime is dark but durable. 
Other laye~s at·e nsed, but with comparatively nnsatisfactory results. 
All the kilns visited were bnrning stone fmrn the same horizon as c, 
Section Xf, tlwngh these layers are not equally valuable for cement 

at the different localities. 

IV. ST. PETERS SANDSTONE: 

This formation rests npon the Lower Magnesian limesto.ne, and in 
the southern pat't of the distt·ict is capped· by a few feet of Trenton 
lirnestone. TILe low·er Iayet·s of this sandstone have been described i~ 
Section IX, lmt at points further east, tl1e transition from the Lower.: 
Magnesian dues not seem to have been so gradual. In sinking wells 
in central St. Croix county, from two to three feet of brecciated, 
cherty limestone is struck at the line of junction. At about the same 
horizon iu north-cent1·al St. Croix, layers of the kaolin are struck in 
wells after penetrating a gt·ceuish or chalky-white sandstone. Above 
these lower layet·s, the sandstone is composed of quartzose grains but 
slightly indurated. 

At five ot· six points in St. Croix and Pierce counties, where the 
tlticlcness conld be measured, the· same was found to vary little 
from one 1tnndred and twenty-five feet, indicating a greater uniform­
ity than in Eastern \.Yit:consin. 

The colo-r of the Randstone varies from red, buff, and yellow, to 
white; the last color being more characteristic of the upper portion. 

Few traces of bedding are discernible, the rock being fissured in 
all dire~tions. 

Just beneath the Trenton limestone, the sandstone frequently 
stands ont from the slope of bluffs in vertical w_alls and columns; but 
usually the stone is too friable to stand above t.he surface, and can be 
studied to ~l.dvanwge only in railroad cuts and river ba~ks. 
· The uniform size of the grains of quartz which compose them, and 
their freedom from impurities, make most of the layers of this sand­
stone very ntluahle to the mason for use in mortar; and would make 
them valuable to glnss and fire-brick manufacturers ·were such estab­
lishments _in opemtion. 

No fossil remains were discovered. 

v. TRENTON LIMESTONE. 

Capping the St. Peters sandstone are usually ten to fifteen feet (sel­
dom more) of bu1i' colored, thin bedded, fossiliferous limestone, with 

VoL. IV.-9 
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freq11ently two to three feet of blue shale at the top. The limestone 
holds many species of brachiopods, gasteropod~:; and cephalopods~ 
while the shale contains crinoid stems and an abundance of corals 
and brachiopods. · 

As the quarries are worked back from the snrface; the rock is less 
s.uhdivided into layers, and a stone more suitable for ordinary mason­
ry' niay Le obtained. Frost and air, however, if allowed free access., 
arc liable to subdivide the stone, as in the case of long exposed out­
crops; though not enough to seriously impair its value. 

The lower layers of this limestone are not usually burnt for lime, 
though they are thus treated at localities far removed from a purer 
limestone. It has been found that this stone burns best at a low tem­
perature, on aecount of the impurities present. 
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CHAPTER III. 

QUATERNARY FOR~fATIONS. 

SuRFACE FJJ:ATURES. 

D. Topography. The formations of the Glacial, Champl~in and 
Recent periods, will be considered in.connection with the topography 
and soils of the region, as nearly all the sm·face features were evolved 
during the progress of these periods, and a discussion of their origin 
involves a history of the agencies at work during-the progress of these 
periods. 

The district inspected, comprising ranges X to XIX W., and town­
ships 26 to 31, inclusive, is divided into two sub-basins tributary to 
the Mississippi, -viz., St. Oroi~ ]liver Basin. and Ohippewa llivm• 
Basin. Inthesouth-central portion, however, is a region froin which 
the waters empty directly into the Mississippi river; but the princi­
pal features of this valley are similar to those of the St. Croix River 
J3asin, and will be classed with its subdivisions. 

St. Croix River Basin. As Apple, "\Villow, Kinnickinnick and 
Rnsh rivers are the principal channels by which the \Vaters of this 
basin are carried to the St. Croix and Mississippi rivers, the valleys 
of these streams will constitute its principal subdivisions . 

. By referring to the map it will be seen that all the valleys except 
that of Rush river, trend southwesterly. This is what would be ex­
pected from the nature and general dip of the rock formations be­
neath. 

N nmerous rapids mark the several streams, indicating the rapid 
descent of their valleys to join those of tLe St. Croix and Mississippi 
rivers. Their hi_gh and often~ime~ rocky banks offer fine opportuni­
ties for studying .the .several formations. Aside from the beds of the 
several streams, the valleys present few features in common. 

After crossing the county line, Apple river takes its way to the St. 
Croix through a rough, bluff)r eonntry. 

Willow river, afte1· flovdng for a time through an elevated timbered 
region, has fashioned its valley, frorn New Richmond to IIudson, in 
the prairies and plains through which it takes its course. 
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The Kinnickinnick makes for itself a broad valley in south-centra ... 
St; Croix county, in the rolling prairie of that region; but at River 
Fa1ls it abruptly sinks below. the surface and reaches the St. Croix 
river through a gorge, whose perpendicular walls of limestone are 
nearly one hundred feet in height. 

Rush river has an m~certain beginning in the central portion of St. 
Croix county, and flows through prairie and lowland till it enters 
Pierce county. From this point it takes its co1~rse through a region, 
broken and blufry by reason of the numerous tributary valleys, eroded 
by the several streams whicl~ join the river in this part of its course. 
. These, in brief, are the more important surface features of ~he s~Ib­
divisions of St. Croix Basin; other characters will be mentioned i!J 
discussing the origin of these features. 

It is evident that the rivers and lakes, as they now exist, could not 
have fashioned the valleys, hills, ravines, ridges and prairies, nor can 
all be accounted for by showing that a far heavier body of water once 
occupied the river courses and _lake beds. Valleys have been eroded 
in the solid rock, afterwards filled by sand, clay and gravel, and these 
1n turn have been cut to the depth of one hundred feet and more by 
i·ivers and creeks, making valleys nearly as deep but much narrower 
than the first. Prairie and woodland alternate throughout the basin. 
Numerous bluffs show at their summits rounded erratics, three and 
four feet in diameter, evidently from regions far to the north. The 
banks of the larger rivers ~xpose similar bowlders. From Iludson to 
Ean Cl&.ire, bowlders and pebbles of granite, diabase and quartzite, 
are·very abundant in gra,·el knolls, and in the above positions. The 
northwestern portion of St. Croix county is covered by a heavy de­
posit of drift, in which kettle lwles are a common feature. 

There is no known agency through which much of the above could 
have been accomplished or rendered possible except that of ice in 
1notion. 

The Geologist in Chief has shown, in Volume II, that there were at 
least two ice movements from the north and northeast during tho 
Glacial period, in Eastern Wisconsin. It is probable that Northwest­
erll WiEconsin was visited by arms of these glaciers, the ice moving 
southward by the way of the western end of Lake Superior. Glacial 
drift, however, compared with that of Eastern Wisconsin, is very light; 
subsequent denuding, burying, and eroding processes having removed 
most of it from the hilltops, except the larger erratics, concealed it in 
~he valleys, p1ains, and prairies, and brought it to view from beneath 
in the banks of rivers. 

A partial exception to this is found in the broken surface, the heavy 
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deposit of drift, and the numerous· kettle-hol~s, forty to sixty feet in 
depth, in the northwestern portion of St. Croix county, the leveling 
process not llaving been completed in· that region. 

These probably mark tbc course of an ancient moraine. A series 
of morai11al deposits is said to be continuous with it in the adjacent 
district. No instance of planing and striating of rock surfaces was· 
'disco~r~red in the entire distt·ict. 
· Preglacial river valleys must ha,·e EJxisted for untold ages previous 
'to tl1e Glncial period, and were consequently very broad and deep. 
The glacier, in its slow mO\·ement southwards, would level the eleva­
tions and leave much of the matet·ial in these valleys when the move­
ment ceased. Many of the old water-courses being thus filled with 
·drjft, the streams would be compelled to seek new channels for a por­
tion of theit· course at feast. 

· · This seems to have been trne of River St. Croix. It is difficn1t to 
·believe that preglacial waters with the later ice eroded or even ontlined 
the present narrow valley of the river north of Stillwater, bnt at l-Ind­
son the same objection does not' exist; the bordering ledges of rock 
being two and three miles apa1 t. To the northward of. I-Iudson a 
broad valley flanked by hlnffs extends as far as eye can reach. (This 

. valley was observed from the high terrace in. the rear of Lakeland, op­
posite H ndson.), A similar valley was crossed by our party near the 
north line of the county, which, having aqout the same course, may 
'be continuous with it. 

The nature of ~he rock formation beneath also gives strength to the 
·supposition that this may have been the ancient valley of the St. Croix · 
·river, this being the course of a narrow belt of sandstone in the midst 
of a limeFltone area. The question is a very interesting one, arid is 
'vell worthy the attention of the future investigator.· 

It is possible that, in the above, we have the reason indicated for 
'the abrnpt change in the course of some of the other rivers of St. 
Croix county in the region occupied by the ancient moraine. 

During the ChaJUplain and Recent periods, the heaps of pulverized 
rock and· rock fragments, left hy the melting ice, were first leveled by 
lakes and broad, sluggish rivers, and then cut into valleys and ter­
·races by the latter, as increasing elevation at the north moved their 
waters more rapidly to the southward. nut, like the cha:nge ft·orn 
spring to snmmer, no sharp dividing line exists between the work of 
these later periods. Chara~t~ristic features alone admit of presenta­
tion. 

The ridges, bluffs and tablelands, rock-ribbed to the summit, sim­
:-ply stand as so many monuments, to tell the geolo~ist of their escape 
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from destructive agencies which, in times past, carved the va1leys and 
plains out o.f the solid strata of rock that then covered the face of the 
country. The work of these periods, then, must be .studied in the 
vall~ys and plains. ' 

We commenced our field wo1·k at Hudson. Ascending the high 
bluff' in the rear of the city and facing to the southwest, one is stt·uck 
by the unmistakable evidence of terracing which he beholds upon the 
·Minnesota shore of Lake St. Croix. There are at least two principal 
terraces, wit.h as many minor ones. The first principal terrace rises 
about seventy feet above the lake, is quite level, and is covered by a 
·scanty growth of vegetation. The soil is a sandy loam with an abund. 
-ance of pebbles, rounded and water worn. The agency of water is 
here unmistakable. The minor terraces come next, and serve as steps 
to the second principal terrace, two hnndred·feet above the St. Croix. 
The slope of this terrace is quite precipitous, and the cause is seen in 
the sandstone which crops out at the summit. The surface is mnch 
·cut and broken by water courses, but is otherwise quite level back to 
the bills which limit it in the di::;tance. The first terrace can hardly 
be said to have a representative on the Wisconsin side of the lake, 
·though the narrow strip between the blnfl' and the lake, occnpied by 
Hudson, may have become land at about the same time. The second 
terrace, however, is well marked, and of large area. Commencing at 
Catfish Point (T. 28, R. 20 W., Sec. 24), it extends to Willow Falls, if 
not further. It is bounded on the right, for the first four miles, by 
a ridge of Lower Magnesian limestone, and the re~ainder of the way 
by broken sandbills. On the left, the bounding line leaves the St. 
Croix· below IIudson, and, passing around Hudson bluff, continues 
north to the falls. 

Along the St. Croix, northward, the surface is much broken, leav~ 
ing bnt few traces of the terrace in this direction. On this terrace, . 
so far as was learned, the wells sunk even within a short distance of 
the limestone ridge mentioned above, were all in sand and very deep; 
no sandstone being struck except in the vicinity of the Hudson bluff. 
Southward, rounding the ridge at Catfish Point, we enter another 
level district, with about the same elevation. Ilere the Lower Mag~ 
nesian limestone has passed beneath the surface, and islands and 
ridges of St. Peters sandstone, capped with T1·enton limestone, consti~ 
tute the boundaries. Before the St. Croix had excavated its present 
channel, its waters must have covered both the valleys at Rivet· Falls 
tmd vicinitv, and the terraces near IIndson. I£ the farmers east of 

· lludson bl;;ff are right in saying that there is no rock within one 
hundred and sixty feet. of the surface of the terrace, there mus.t have 
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been first an erosion, then a subsequent filling up of the valley, fol­
lowed by another period of erosion, which outlined the terraces ·and 
gave the river its present channel. The IIndson bluff either occupied 
the eroded valley as an island, or, after the same was filled by drift, 
the lake-like river fashioned its pl'incipal channel in the sanc.lstone 
along the \vestern side, separating lludson bluff' from the main body 
of sandstone. 

By referring to the Map of Vegetation accompanying this report, 
it will be seen that the central portion of St. Croix county is occu­
pied by an extensive prairie, nearly surrounding the Trenton lime­
stone shown in the Geological .Map of that county. The formations 
underlying this prairie are iu part Lower ¥agnesian limestone, and 
in part St. Peters sandstone. Directly upon these rest beds of loose 
sand and gravel. The prairie terminates towards the east in Rush river 
valley, and towards the north in that of Willow river. In the vicin­
ity of New Richmond, however, the prairie crosses the latter river 
and stretches northward in 'detached areas to the county line. The 
soil, the underlying sand and gravel, the absence of forests, the pre­
cipitous slopes of bluffs and bordering ridges, . together with the 
·wooded summits, all speak of a time when these regions were under 
water. 

As we follow Rush and Kinnickinnick rive;s southward~ the conn­
try is more broken. The level areas may have been built up and the 
bluffs \Vorn away by the present streams, though at a time when they 
possessed a greater volume of water. 

The watershed between St. Croix and Chippewa basins is very 
readily traced through St. Croix county by referring-to the map. It 
follows very nearly the middle of range 16 to the north line of town­
ship 30, when it curves to the northeastward and passes out of the· 
county. vVest of this line the surface is made up of level (or nearly 
so) plains with bounding hills, hlnffs and ridges. 

At the east St. Croix county is well timbered, but at the west, be­
tween Apple river and the St. Croix, the broken surface is scantily 
cov~red by shrubs and bushes: 

Summary. Prof. Dana states, after a review of the drift phenomena 
of northern United States, that there must have been an upward oscil­
lation at the north in the Glacial period, a downward oscillation in 
the Champlain period, and an upward one of moderate exten.t in the 
Recent period. 

The.first, with its southward icy movement, would plane down and 
refashion, ~o a large degree, the rocky floor of the St. Croix Basin, 
carrying the fragments to the south ward and leaving npon its surface, 
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when the movement ceased, a· mixed assortment of cby, sand. gra"Vcl, 
and bowlders, fmrn northern latitudes. Dul'ing- the second period, . 
numerous l::lkes must have occupied the depr~ssions, and lake-like 
rivers, the valleys, and thus commenced the work of leveling the huge 
heaps left by the melting ice. The shores of L!tke Superior at·e said 
to have been depressed 330 feet, and the Arctic region 1,000 feet. In 
the St. Croix district the rate of .flow to the south in the rivers must 
have been very small in consequence. 

·As the northern lati tndes slowly increased in ele\~ation, the waters 
wonld continue to slowly accumulate in the dt·ift val1eys and sand­
stone excavations, till the Lower Magnesian and· Trentou ]irnestone . '-

barriers were surmounted and eroded at the smith, when the ri,·ers 
wonld readily mark out their present channels. In the meantime, 
the Potsdam and St. Peters sandstones and the drift hills and ridges 
would rapidly give up their store of sand and clay to the encmaching 
waves to assist the clay and sand from the north, to till up and occupy 
the lake basins and river valleys. 

Then, as the Recent period progressed, the increasing elevation at 
the north would give increasing velocity to the waters, the several 
streams of the basin would accommodate themselves to narrower and 
narrower channels, and the beds of the rivers would sink lower and 
lower, leaving the old lake beds far above them, giving their present 
I'elationshi p. 

This seems to be the history of St. Croix basin during the three 
periods mentioned above; and, in its essential portions, also, of Chip­
pewa basin and the neighboring dist~·icts. I. .. ocal histories vary with 
the surrounding rock formations, the nature and quantity of the 
drift, and the position, direction and dip of the valleys and ridges. 
~he same grand march of events, but with infinite vari~tions in the 
result. 

Chippewa River Basin. This basin extends f1·om the :Mississippi 
riv:er nearly to Ln.ke Snperior, and is characterized in its sontheru 
half by wide areas of sand together with nnmcrons sandstone ridges. 
But a sma11 port.ion of this basin is comprehended in my distri<>t, viz.: 
The valleys of Little Ean Galle, Red Cedar (or l\{enomonie) and trib­
utaries, and that portion of the Chippewa valley between Chippewa 
Falls and Durand . 
. The Little Eau Galle valley north of Brookville P. 0. (Sec. 18, T. 
28, R. 15 W.) is broad and rolling, covered by a dense gt'O\Yth of 
timber; bnt south of this, while the high lands remain the .same, the 
river soon cnts throngh the Lower :Magnesian limestone into the un-

.derlying Potsdam sandstone and flows southward through a constant-
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Iy widening- valley of its' own erosion, till both are merged into the 
Chippewa river and valley. 

The valley of the Red Cedar and tributaries includes nearly the 
whole of Dunn county, and, with the exception of the western portion, 
lies in the Potsdam sandstone. lly referring to the Geological ~fap, 
it will be seen that the minor valleys from tl1e west have their origin 
on the Lower Magnesian limestone, soon breaking down, however, in­
to the sandstone, leaving high ridges and tablelands on either hand~ 

The lower portion or these ~alleys, lying in ·a soft sand rock, 'vas 
fashioned and determined, for the most part, hy the snccessi ve stages' 
of the stream which drains them. At least no direct evidence of other 
agencies was obtained. 

In ,the Chippewa valley, however, additional facts were obtained 
bearing npon the Champlain and Recent periods. It will be noticed 
that the Chippewa has its headwaters near Lake Superior. In many 

instances it derives its waters from the same section of land as the 
streams that flow into Bad ri\'er, and that deep indentatiqn of the 
shores of Lake Superior, Chaqnamegon .Bay. Southward to Chip:. 
pewa Falls, the Chippewa flows for the most part over Arcluean rocks, 
but at the fa11s it leaves the granites, and thenceforward takes its 
course in the Potsdam sandstone. The surface featnrcs are similar· 
to those that are found in all sandstone districts-'-- highlands variously 
cut and denuded by the streams which drain them . 

. The ter'races, which are so marked a feature in the southern por­
~ion of the cour:5e of the Olli ppewa river, will be considered first 

FIG. 5. . 

·~~ ~~ ·.:: 
2 rrz • R. ,.__,_.-,-,...--~J.--- .. .w 

~1 ~·::· 
TEHHAClNG NEAR P?HTEB'S MILLS 5 MILES SO~Tll OF EAU CLAIRE, 

These terraces lie on one or both sides of the river from Chippewa· 
·Falls to Durand, to my personal knowledge, and vary great1y in their• 
(~levation above the bed of the stream. Two,.three, and fotir may be 
l.:Onnted at various portions of its course. On the west side of the, 
Tive~ a~ Dnrand, the upper terrace lies about one hundred twenty­
five feet abO\"e the river, and exposes at its brink nothing but loose · 
sand. At :Meridian, about midway between Durand and Eau Claire, 
we measured the tet·race on the north side of the river, and found an 
elevation f f one hundred feet with sand at the brink as before .. In 
both tlH:'o'.! cases the level surface stretched back to the timbered hills· 
and higl.1la Jds. 
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. Four or five miles north of Eau Claire, a terrace rises about ono 
hundred and forty feet above the Chippewa, and is limited by a ledge 
of sandstone ·which rises above it nearly two hundred feet. The ter­
race is built up of sand and gravel for the last eighty feet, as shown 
by a well, and so is nnqnestionably a. river or lake deposit. Between 
these tl11·ee points, the terraces ate just as marked, and the river or 
lake action jnst as evident. The above were selected for the sake of 
brevity, as representatives of all. Then, as in th~ St. Croix basin, 
there was first a period of erosion, then oue of deposition, and, lastly, 
one of erosion. " 

The same influences, modified according to situation and elevation, 
gave the lowland and tableland, so marked on the lower Chippewa, 
and betvveen the Chippewa and Black rivers. 

The entire Chippewa basin, in my district, sympathized very deeply 
with the more immediate valleys of the larger streams, the only dif­
ference being a Ie·ss complete erosion and leveling of the sandstone, 
leaving, as a consequence. a more connected and crowded system of 
bluff's and ridges. But these, as well as the fluvial or lacustrine de­
posits along the rivers, are being worn down slowly and sm·ely to the. 
level of the valleys and river beds below. The tributary streams are 
constantly lengthening their channels by cntting back into and through 
the bluffs and ridges. The waters roll the sands down their chan­
nels to the main stream, there to join the sands of the terraces in 
their slow journey toward the Gulf. Thus the topography of Chip­
pewa basin is constantly changing, 

The Potsdam sandstone offe.rs little resistence to the elements, and 
the changes must continue so long as the waters continue to flow and 
a hill remains. 

ELEVATIONS. 

The elevation above Lake Michigan of stations a1ong the West 
and North Wisconsin railways is that given in the railruad surveys. 
The elevation of other points in the district above the same )evel was 
obtained from a series of aneroid observations. These elevations will 
be of service in determining geological horizons, and in making cal­
culations for flow in sinking Artesian wells: 

For the elevation above the ocean, ndd 589 feet. 1 Feet. 
Baltlwin, T. 29, R. 16 W. 

R. R. station, Sec. 30 .....................•. , • • . . . . • . . . . . . • . . • • • 560 
Woodville station, Sec. 35 .. .. .. • .. .. . . . • .. . . . . .. . . . . . .. .. .. . . . 573 

tl\:[r. James 1'. Gnrdnur givu8 5S9.1o feet ns the mean of nhie determinations of tlw height of Lake 
Michiguu uhove mean tidu of' the ocean, anrl a~:~ thi~:~ is undoubtedly a closer npprn~il:1athlll to abso­
lute accuracy than thu !wight formurly given (578 feet), and adopted in the earlier work of thill 
survey, it i:; here adopted in iicu of that. T. c. c. 
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Ca<ly,''T. 23,'R.1'5"W. Feet. 

. Ca.dy P. 0., Sec. 16 ............................................ 537 
Brookville, Sec. 18 .......•..•........•...••....•.•••.•••.••••• 510 
E,w Galle river, near Brookville.; ..••••.•••.•••..••••••••••..•.. 449 

Chippewa .Falls, T. 28, R. 8 W . 
. It R .. station . . . . . . . . . . • . ......•••.•••....••••.•....•..•••..• 301 
Duncan creek, 1% miles north of city .............................. 276 

(Jylon, T. 31, R. 16 W. 
Sec·. 33 ..•...••..••..•..•••.•••.••••..•.•••••• , • • • • • • • • • • • • • • • • • 506 

EauClaire, T. 27, R. 9 W. 
R. R. station, Sec. 16 ...........•.....•..........•••.....••...•• 266 
Terrace, Sec. 3 (Seymour) ...•.•••..••.....•..••••.•..•...•••..••• 311 
Highland, Sec. 3 (Sey1nour) ..••..••....•••••••• · .•••••••••••....• 520. 

Ellswnrth, T. 26, R. 17 W. 
Sec. 18 (bluff) ....••.•••.•••..••.•••.•••.•••••••••••.••••••••••• 525 
Isabelle Creek, Sec. 17.. . . • • . . . . . . . • . . • • • . . . . . • • • . . • • . . . . . . . . . . . . 490 

Emerald, T. 30, R. 15 W. 
Flen1ing's Mills, Sec. 19.: •....•..•• .-••••••••••••..•..•••••••.••• 621 
Blew's l\iills, Sec. 34 ...•..••••• ~ ••• · •.••.•••••••••.••.••••••..••• 504: 

Erin Prairie, T. 30, R. 17 W. 
Jew·ett's Mills, Sec. 3 .....•••.•••...•.•..••••.•••....•.••.••..... 454 
Erin Center, Sec. 15 .............. , ...• ·, . . . • • . . . . . . . . . . . • . • • . . . • . 480 

Elk lUomid, T. 28, R. 11 W. . 
R. B .. station, Sec. 26 .. ." . .". • • . . . . . . . . . . . . . . • • . . • • • • • . . . • . . • . . • • • • 351 

Hudson, T. 29, R. 20 W. 
R. R. station, Sec. 24 • • . . • • • . • • • . • • • . . . . . • • • . • • . • • • . • • . . . • . . • • • 123 
Lake St. Croix ...••...•.....•••...•.........•••••• :. • • • • • • • • • • • • 90 
Top of Hudson Bluff, Sec. 25 ••••••••.•.••..•••••••••••••••••••••• 330 

Hudson, T. 29, R. 19 W. 
N. Wis Junction, Sec. 20. . . . . • • • • . . • • •.•• ~... • • • • • • • • .. • • • • • . • • • 295 

Hammond, T. 29, R. 17 W. 
R. R. station, Sec. 28. . . . . . . . . . . . . • . • . . • • . . . . . • • . . . . • • • • • • • • • . . . • 525 
Sec. 22 . . . . . . . . . . . . . • • • . . . . . . . . • . • . . . . . • • • • . . . . . • • • . . • • . . • • . . . . 550 
Sec. 26 .. ·•........ • •• · .......•...•...••...•.••••••..••••••••• 510 

Kiunickinnick, T. 28, R. 18 W. 
Sec. 11 (junction of Lower Magnesian and St. Peters) ••.•••.••.•••• 385 

Lucus, T. 28, R. 14 W. 
Gilbert Creek, Sec. 32 .. · .••.••••••• : ••••••••••••••••••••••••••••. 386 

Menomonee, T. 28, R. 13 W. 
R. R. station. . . . . • . . . • . . . . . . . . . . • • • • • • • • • • • • • • • . • • • . . • • • • • • . • • • 306 
Sec. 26, E. half ..•..•••.....•••..••••••.••..•••.•••••••.•••.••• 290 
Reservoir, Sec. 27 .....•......•.•.•••..•.•..••••.•••..•...••..•. 382 
Red Cedar (below dam) . . . . . . . . . . • • • • • • • • . . • • • • • . • • • . . • • • • • • • . . . . 200 

Martel, T. 27, R. 17 W. 
Sec. 25, S. W. corner .•••..•.••••••.•••••••••.••••••••••••••••••• 400 
Sec. 20, N. W. quarter ........••••••••••••••.•••••.•••••••••••.. 40Q 

New Haven, T. 31, R. 14 W. 
Sec. 22, S. W. quarter .....•••...••••.•••••••.•••..••.•...•••.••. 490 

River Falls, T. 27, R. 19 W. 
Sec. 1 (village) ..........••......•••••••.•••.••.•••••••••••.•••••• 285 

Rock Falls, T. 26, R. 11 W. 
Sec. 22 .............•••.••...•..•...•••••••.••. ~ ••• • • • . . • • • • . . • 186 
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Red Ce£1ar, Town 28, R. 12 vV. Feet. 

Rusk station, Sec. 15 ..........•..•••.••..•••••••..••...••..•...•. 331 
Rush River, 1'. 28, R. 17 W. . . 

Sec. 35 (river) .........•..•.••••...•.•••.•••••••.••............. 400 
Richmond, T. 30, R. 18 W. 

Sec.~ ..•..................•••.•...••.......•.....••••.•. · ..•.. 375 
Sec. 23 .· .............•......••...•..•••.•......••••............ 415 

Star Prairie. T. 31, R. 18 W. 
Sec. 1, Apple river.: ..... · .•.• : ••.• · •....•.••.••••.••.••• · •••••.... 366 
New Richmond station, Sec. 3~ .................................... 41i 

Somersett, ·T. 30, R. 19 W. . 
Sec. ·s,· Appie' river .......••• · .. :; ••••.••.••••.•••••••.••.••••.... 240 

Stanton, T. 31, R. 17 'l.V. · · . 
R.<>se Lake, Sec. 18 .......••••.••.••...••.••••••.••••••••••••.•• ·. 356 

St. ,Joseph, T. 29, R. 19 W. 
Willow. river at Mt. Hellen, Sec. 1.: ..• ; .•.••••••.••.••••••••••••. 288 
Donchea, Sec. 2. . . . • . . . . . . • . . . . . • • • • • . • • • • • • • • • • • . • • • . . • . • • • • 343 
Willow river, below falls, Sec 3................................ 151 

Sherman, T. 29, R. 10 W. 
Ha,vtl~orne 's kiln, Sec. 8.. . • . • • • • . • • • . • . . . • . • • • • • • • • • • • • . • • • . . . . 656 

Sprinp;field, T. 29, R. 15 W. · 
Wilson station, Sec. 35 ..•....•........••••.•.•.•••.••...•....... 518 
Hersey station, Sec. 28. . . . . . . • . • • • • . . • • . • • . • • • • • . • • • • . • • . • • . . . . • . 588 

Stanton, T. 29, R. 14 W. 
~napp station, s~. 35 .•••••••••••.••••••.•••••••••••.•••.••••• 349 
Knapp bluff (top) . .' ....••....• · .. :. : ••• ." ........................ 580 

Tiffany. T. 30, R. 14 W. . . . . 
B~o~'s ~tore, Sec. 25, S. W. corner ............................. 394 

Trimbelle, T. 26, R. 18 W. 
Sec. 2, N. half, lo,vland . . . . . . . . • • • • . • . • . • • • • • • • • • • • • • • • • • • • . . . . • 327 
Sec. 2, N. half, highland ................. ; ..... ;, •••••••••.••. 477 

Troy; ·T: 2s; 'R. 20 W. . . . . 

Catfish Point, Sec. 24, ridge ................ :. .. .. • .. . .. .. • • .. .. • 340 
Lake St. Croix, Sec. 24........... •. • • • . • . . . • • • • • • • • • • .• • • . • • • • • • 90 

Warren, '1\ 29, R. 18 W. 
Roberts station. . • • . . • • . . . • • • • • • . . • • . • • • • • • • • • • • • • • • • • • • . • • . . • . • 462 
T~ Lake, Se~: 28 .•••....••••.•••.•••••••.•.•.•••••••.••.•••••. 360 
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CHAPTER IV. 

E. HYDROLOGY. 

Prof. T. C. Ch~m berlin estimates, in Vol. II, that 1.65,512,000,000 
barrels of water fall annually upon Eastern vVisconsin. A~suming 
that Northwestern Wisconsin possesses a somewhat less annual rain~ 
fall, a bon t 20,000,000,000 bari·els fall each yea1· upon the district under 
consideration. Of this amount, it is estimated that one-third is car. 
ried from ~he distric~ by its creeks and rive1·s, and that the remaining 
t.wo-third3 is either taken up by the atmosphere, through evaporation, 
or is absorbed by the earth, to be carried awHy by underground water 
courses, if not arrested by vegetation and fountains. 

The entire district is well drained, there being but few areas of 
:swamp or marsh land. It may be questioned, indeed, whether the 
system of drainage is not too complete, as large tracts frequently suf­
fer from drought during the summer season. 

The rivet·s are quite nnifonnly rapid and ofi'er to the manufacturer 
fine water privileges, especially in that portion of their course where 
they leave the Lower }{agnesian limestone for the Potsdam sandstone, 
or leave the more compact layers o£ either fonuation for tho3e less in. 
duratecl below. At least three dams ha\'e been erected upon Apple 
'river and its trib~1tary, near the north line of the St. Croix county, an.d 
there is a firle water power on the river at the falls in Sec. 22, T. 
31, R. 19 vV. On vVillow river, fl'orn J ev:ett's ::Mills to the mouth, 
four 1nills have been erected, and on the .Kinnickinnick there are at 
least three. ·Rush, Eau Galle, and Red Cedar, each supplies power to 
nearly n.s many, the water power on the latter at :MenomoHee being 
on.e of the best in the country. The Chippewa, at the falls. and the 
Eau Claire ri1·er, 11ear its month, rnn large manufacturing estab. 
lishments. vVerc the ·supply of water in the above l'ivers more uni. 
form throughout the year, many more dams might be erected with 
profit npol'1 tltem and their tributaries. · 

Except in the dense forests, evaporation is very rapid from the sur. 
face aftet· sho\vers, owing to the porous rni.tn1·e of the soil and the 
heated condition of the atrnosphere over the sandy tmcts and treeless 
plains. The light loam likewise perm its the nwistut·e to escape 
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readily from the snrface to the \vatercourses beneath. The quantity 
of wate1· ti111S lost to the farmer and manufacturer must be very great, 
for, let a well be sunk where it may, one or mo.re of these under­
ground Sti'Cll!HS is sure to be found. soaking through the gravel Or be­
tween tlw layei·~ of roc1{ Lelow. It were far better if much of this 
water co11ld be made to take the shorter circuit by causing it tore~ 
turn to the ai I' at once through ·osmose and evaporation, than to allow 
it to run to the sea. 

vVl1ile stud,ring the cause of an evident increase in rainfall over 
limited a1·cas on the plains of Colorado, irrigated for five or six years, 
and planted to trees and 8mall grains, it oc.curred to me that vegeta­
tion has coutril)llted to this good work by restoring to the atmosphere 
water that is running below the surface. The roots of many trees 
penetrate the ground to a depth of ten to twenty feet and more, in 
search of water, pnshing downward until they find it. 

It is not necessary for the plant to send its roots to the water-bear­
ing layers for water; for the soil is kept more or less moist through 
capillary attraction~ by which the water is made to rise slowly to the 
surface, there to evaporate. The quantity of water thus restored to 
the atmosphere is said to be quite large, even from tracts barren of 
vegetation. Dnt plants very much hasten this process, as they are 
able by their roots to approach Yf!ry near, if not penetrate, the water­
bearing stntta. Met or arrested by the roots, as the case may be, the 
water is drawn by osmose throngh root, stem, and branch, to the 
leaves, from whence a large proportion is evaporated to the atmos­
phere. 

Prof. Gray says that a sunflower plant, a little over three feet high, 
with abont forty square feet of surface in foliage, etc., has been found 
to exhale between one and two pints of water per day." A fair sized 
forest tree possesses between one and two hundred thousand square 
feet of area in foliage. Assuming that the evaporation from each 
square foot of its surface is two-thirds as rapid as from the same in 
the sunflower, over one thousand barrels of water would be poured 
into the. atmosphere by the tree during each season of growth. 

Since the above was written, the resu1ts of a series of experiments 
on transpimtion, by J. M. Andei·s, M. D., Ph. D., have been published 
in the At~erican Naturalist for lfarch, 1878. In his summary, he 
says that evaporation is more rapid in clear than in clQudy weather, 
about 5 to 3; in day time than at night, 5 to 1; and more rapid when· 
the wind is Llowing than when it is calm, 6 to 5 (when the current is 
strong). 

·lie further says: "The follow·ing table will serve to exhibit the av-
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crage transpiration by day, which took place in the open ai1·, together 
with the leaf-surface, temperature, etc.: 

No. NAME oF PLANT. 
DunATrON oF AvEHAGE EvAPOHATrNG Sun-
ExEIUM:ENTs. EvAPORATION. ll'ACE. 

- ·-------- ------ ------ ---------· 
1. 
2. 
3. 
4. 
5. 
6. 
7. 

No 

CaJla. . .•....... 
Geranium ...... :. ~ .. 
Fuchsia. . .•......• 
Hydrangea .....•.. 
Cmnellia. . . • • . . . . . . 
Lantana. . ........ . 
Dracaena ......... . 

12 hours. .. 
" 
" 

" 

WEIGIIT OF PLANT. 

2. 8:>0 grs. . . All parts green. 
3, 500 grs .....................•• 
1 ,97.) grs. .. . .. .. .. . 4;j0 sq. in. 
2 ,8.)8 grs. . . . • . . . . • . 744 " 

710 grs. . . .. • .. .. • 479 " 
. ... 1,717~ grs. .. .. . .. .. . !):)u " 
. . . • 2,422 grs. . . . • • . . . • • 817 " 

AvERAGE TEM­
PEIUTUUE. 

AVERAGE DEW 
PotN1'. 

- _______________ : ----------------
1 2 'ILs. 2 oz. ('!'roy) • • • • . • • • • • • • • • • . . • • • . . • .•.•••••••..•••••••.•.••••••••.• 
2 4420 grains . . . . . . . • • • . • • . . . . . . • • . . . • . . . . . . . . . ..•.........•............• 
3 1920 grains . . . . . . . . . . . . • . . • . . . • . . . . • . . . 64.5° • . • . . . . • . • • 49.6° 
4 2170 gTu.ins . • • • • •• • • . • • • • • • • . • • • • . • • • • 7~.0 . . . . . . . . . . . 56.7 
5' . . . . • . . . . • . . • • • . • • . • • . • • • • • • • • • • • . • • • • • 75.5 .......•••.. -6:).3 
6 72Ugrains ..•.•.......•..•..........•. 75.1 ..•.....••.• 61.7 
7 . . . . . . . . . . . . . . • . . . • . . . • • • . . . . . . . . . . . . . . 75.5 . . . . . . . . . . . . 62.0 

"After an inspection of this table, the average rate of evaporation 
for soft, thin-leaved plants, in clear weather, may be put down at 
about 1}- ounces (Troy) per day (12 hours) for every square foot of leaf 
surface. The Lantana shows ne:uly two ounces to the square foot of 
surface. The Camellia, with its dense, smooth leaves, averaged less 
than half an ounce to the square foot of surface~ per day. 

"According to the above rat.e, the v-yashington Elm, at Cambridge, 
u tree, it is stated, of no very large size, with its 200,000 square feet 
in leaf surface, would transpire 7! tons of watery vapor in twelve 
hours (day) of clear weather." · 

If, on the average, seven-eighths of an ounce (Troy) of moisture per 
day is evaporated from each square foot of foliage in the oaks, ma­
ples, etc., of N ortl.twestern Wisconsin, a grove of one thousand trees, 
each with a leaf stuface equal to that of the elm, wonld pour into the 
atmosphere over 45,000 barrels of water during every cleat· da.y of its 
season of growth. 

This is much greater than the previous estimate. based upon the 
evaporation from the sunflower, and, of course, gives increased weight 
to the statement there made: that forests increase the amount and 
value of the aunual rainfall; as they help to supply one of the es·sen­
tial conditions of light and frequent precipitation- a moist and cool 
atmosphere- by exhaling from their leaves vast quantities of water 
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that would otherwise be lost in the rivers and seas· before it could 
reach· tl1e rain-cloncl. This constant evaporation from forest ~egeta­
tion, through the power which water possesses of absoebing or releas~ 
ing vast quantities of heat as it condenses or vaporizes, serves to mod­
ify those disastrous ext1~emes in water-supply, tloods and droughts, by 
rendering sudden changes of temperature less possible, and by lessen~ 
ingthe heat of sninmer and the cold of winter. In Europe, floo~s 
are -known toLe more nnri1erous, and in Asia-droughts-more frequent 
since vnst forests have l;>een remov(::d. 

A recent writer says that the famine in China, which has reached 
its crisis the.present. year, has-been caused by the failure of the rice 
crop for three seasons, o\ving to the terrible dt·onght which followed· 
the destruction of the timber in Shan-tsi and Chihli. In much of 
the prairie region of America it is claimed that the annual rain-fall 
is sufficient, three years out of five for all the purposes of agrieul­
tnre; and that more would be a damage·;· but it seems to the writer 
that this is falhtcious, for were the heavy rains lighter, and the lighter 
showers more frequent, though the sum total be not increased, the 
vegetation could but ue more luxuriant and fruitful. It is the long­
continued and heavy rains that vmrk damage. 

Northwestern Wisconsin needs an increased and more uniform 
rainfall during the summer season, instead of a diminishing one. 
The air over the extet1sive, treeless plait1s, prairies and terraces, be­
comes intensely heated during the summer, and mi.my rain-clouds 

are .thus dispersed when water is most needed; and consequently 
freshets are not upcummon, and droughts are frequently experir.nced 
throughout the district. To what degree tree--planting would remedy 
these climatic defects, opinions differ; but as to the fact, theory and 
experiment are agreed. 

Springs, fed by water from the drift, and from the rock formations, 
are of Hot unfrcquent occurrence. At Iludson and :Menomonee, 
water appears at the surface midway up the blufFs, fmm layers not 
far beneath the Hwho~ Trilobite beds. A spring was reported near 
Somersett post office, probably from the same layers, for the water of 
which, valuable medicinal properties were claimed. South of Star 
Prairie-post office, a spring was noticed that is fed by water from the 
upper portion of the Potsdam sandstone. 

In Sec. 6, T. 31, R. l7 Vv., Stanton, is a swampy tract from which 
issues a brook of considerable size. Among the springs which feed 
this "brook, is a cluster, termed by the proprietor "New Saratoga 
Springs," the 'vaters of \vhich are much used by invalids. Prof. 
Gustavus Bode nt1alyzed the water for the proprietor, September 9, 
1875, with the following result: 
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Per U. S. gallon. 
Chlo1ide of sodiu1n... . . . . . . • . . • . • . . . . . . • . . . • . . • • • . • • . • • • • ... . . 0.1::44 
Sulph<Lte of soda. . . . . . . • . • • • . . • . . • • • • . • . . • • . . . • . • • • • • • • . . . . 0. 0784 
B.~C<Lruon<Lte of. ~?da. ••••••.•••••••••••••.••••••••••.••••••• ''\' • • 0. 8120 
BicarLonate of 11111e • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • 3. 9!)84 
Bicarbonate of 111<Lgnesia. • • • • • • • • • . • • • • • • • • • • • . • • • • • • • • • • • • • • • 3.0744 
Bir·arl>onate of iron . . . . . . . . . . . . . . • . . . . . . • . . . . . . . . . . . • . . • . . . . . . 0. 7:-{9~ 
Silica. • . . . . . . . . • . . . . . . . . . . . . • . . . . . • • • . • • . . • . . • • • • . • . . . • • . • • • • 1. 0:360 

9.87~8 

From this analysis it will be seen that the water is qnite pnre and 
possesses a. relati vcly · lar·ge perceu tage of iron. The soil is deeply 
color.cu with iruu stains wherever the water lu~s.penetrated~ 

No spr·iugs were noti6ed in the Lower Magnesian lim~stone; but 
water is almost nni,rersally struck in sinking wells into this formation.· 
In. East Ceutr·al St. Cr·oix county, water in abundance is found after 
penetmtiug- the rock fifteen to twenty feet. 

No Arte:5ian wells have been suuk in the district, bnt the indica­
tions are in part favorable for a flow, cspedally in :Middle St. Croix and 
Pierce counties, north and south. Several Artesian fountains in Eastern 
Wiscousin derive their waterfr·om the upper portion of the Potsdam 
sandstone, eviuently from layers nearly parallel with the shaly layers be­
low the Hudson trilobite beds. These laym·s, where they come to the 
surface in BarTon and Polk counties, have an altitude abont five 
hundred feet gt·eater than they possess at North Wisconsin Junction. 
At the latter poiut the impervious layers lie about three hundred feet 
below the surface, and do not outcrop to the south and west except 
near the crest of the II udson anticlinal. (See Plate II.) 

The snl'face at La Crosse is below these impervious layers, and the 
owners were con seq nently ouliged to ·sink, the Artesian well in that 
city to the gr·auite below. At all localities in Middle and Easter~ 
Dunn county, the same would probably be necessary. 

The a\·erage dip of the Potsdam s·-).ndstone is about tv.·elve feet per 
mileS. S. vV.: aud by bearing this in miud the probabilities for and 
against a flowing well at any point may Le readily obtained, provided· 
the ·neces8ary conditi0ns of a flow, stated in Vol. II, near the top of 
page 150, are observed in connection with these data. Of these con­
~itions the one which states that the water in the water-hearing strata. 
must not have a natural outlet at aJevel lower than the Stll'face at the 
proposed well, is tire one that presents the most serions objections to 
sinking a well in central St. 01'0ix county, for the impervious layers 
~orne tu the snl'face along Lake St. Croix. But they are exposed only 
~n the face uf the anticliwtl ridge, anJ this, too, ont of the line of dip 
9f the formation, and thus a flow may not. be ,impossible. In Pierce 
and. Dmm counties, thi·s oujection does not exist, as the dip in tho 
strata is so much greater than the slope of the surface that t)1ey are 
not· exposeu to the south southwest. 

VoL. IV .-10· 
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CHAPTER V. 
F. VEGETATION. 

An entirely satisfactory treatment of this subject is, for several rea- . 
. sons, nearly impossible. Several large areas in the district could not 
be visited, and consequently but a general knowledge of their vegeta­
tion was obtained. Large tracts that were once covered with pine 
have been stripped of this timber, and a miscellaneous growth of 
shrubs has succeeded, which, with the hardwood timber that was left 
standing, make up a forest altoge~her different from the original one. 
The several groups shade into each other by almost imper~eptible de­
gree~, and, as from the nature of a map, this cannot well be shown, 
the lines of separation give a false impression to the eye, and, in many 
instances, may cause the map to seetn inaccurate. 

But by making the proper allowances, it is believed that the consid­
eratioN of this subject will present much that is valuable to a good 
understanding of the resources and capabilities of the district. In­
deed, so close is the relationship that exists between the vegetation 
on one hand, and the rainfall,. soil and subjacent rock formation on 
the other, that~ a person with a t]wrough knowledge of the kind and­
d~gree of this relationship may gain from an accurate map of vegeta­
tion most of the information necessary to a good understanding of the 
character of the three. associates. Only one or two illustrations of 
this trnth will be given here, as·its full consideration is evidently be­
yond the scope of this report, and these, with what follow, will be 
sufficient to call to mind many more of kindred nature from which 
each observer may easily erect a system of his own of greater practi­
cal utility to himself. 

Sugar maple, white oak and basswood are seldom found in a region 
where the soil is poor ap.d the rainfall scanty. 

The evaporation is so slight from the smooth, needle-like leaves of 
the pine, that it may thrive in a light sandy soil, though it is not 
averse to plenty of moisture and rich earth, if there is a substratum 
of sand, or the rock formation lies near the sm·face. It is probable 
that its peculiar power of growing in so shallo.w or porous a soil is dne 
to the economy of the pine in the use of water, and to its dense foli­
age and social habits which prevent the moisture from evapm·ating as 





VEGETATION . 147 

. rapidly as it otherwise \vonld ft·om the lmwes and from the surface of 
the gnmnd utu.lernen.th. Be this as it may, areas of pine are most often 
fouud to represent poor farming lands. 

Then again, different species of the same genus are frequently best 
adapted· to widely different habitats. I have never seen the white oak 
growing in other than excellent soil, while the black-jack or barren · 
oak seems to be confined to sandy tracts, where it stands a fit· repre­
sentative of the region. 

In the vegetable, as in the animal kingdom, .each individual owes 
its existence to its combative energy, and the "fittest survives." The 
weaker mnst either retreat to a locality where it may be master in 
strength, or it must lead a half-starved existence ~vhere the stronger 
has not the power or the inclination to follow. 

So in these illustrations, it ·should not be unde~stood that those 
plants \Ve find in barren regions .flourish best here, and are better 
adapted to these surroundings. When transplanted, the contrary is 
nearly always found to be tnl.e when care has been taken to give the 
plant time to adapt itself to its new habitat. Sudden prosperity 
ruins here as well as else·where. 

Freqnently nature allows one or more of these weaker plants to 
gain a place in more fertile earth, and a tree of unt1sual size and beauty 
is the result; but the number of instances where a forest thus gains 
possession is too few to constitute a· valid exception to the general 
rule. 

Of course, if we are to take vegetation as a guide to a knowledge of 
the preexisting soil and rainfall, and the rock-formation, we must 
eliminate all the changes produced directly or indirectly by man, arid 
so in the following paragraphs we shall endeavor, so far as possible, 
to give the vegetation of the district as it existed before th~ advent of 
the settlers and lumbermen. 

In presenting the result of onr investigations, a consideration of 
mo~t of the ·herbaceous plants will be omitted, not that they are less 
important, but that fewer have studied the nature of their relation­
ship to soil, rainfa11, and sn bjacen t rock-formation, and furthermore, 
a description of the more striking groups is, perhaps, sufficient. 

Class I. Prairie' and Terrace Group. The vegetation gt·owing 
upon the prairies and terraces of the district is so nearly the same in 
kind, that no attempt will be I~ade to separate these areas. In many 
localities this would be impossible, were it desirable. . 

Much of the soil, being a light loam and not very deep, i~ quite 
porous, and so the vegetation diffd1·s somewhat from the prairie vege­
tation in Eastern ·vVisconsin, both in kind and abundance; bnt in the 
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m:ore general. feat.nres, ·it. is tho same, probably o~ing its existence to·. 
similar causes. But a· light soil is not universal, for here and there 
in the. larger areas of prairie and terrace, a deeper suil, a lo\'ver and 
inore moist district, or a· hig.her level where glacial dt·ift still re­
mains, supports ·a rich growth 'of grass, or may be COYei·ed by 
oak and poplar. Many of the deeper hollows are occupied by lakes 
or ponds with a circling border of marsh vegetation, or the water re­
mains but ~empvrarily, l~aving the entire area a hay marsh. J\iost 
6f these, being quite small, are· not shown on the map (Plate IV). . 
~ . In Dunn county, patches of prail·ie and strips of terrace are found 
in nearly every township. Most of the larger areas are· represented; 

- but many of the lesser ones either escaped ~nr notice or were too small 
to be shown. These afford farming lands next in value to the "coolies " 
and river valleys. 

In numerous localities, a light growth of oak now covers many de­
taehed areas and bordering lands that once belonged to this clas:;, so 
it is well nigh impossible to fix the original limits; but as this and the 
succeeding class are closely related in all that pertains' to soil and 
moistnr~-the latte.r simply indicating a less permeable subsoil or a 
more uniform supply of watet· ~the present boun<.lat·ies and distri­
butio.n of the group will show all that is desirable in the presentation 
of this outline. 

The main body of the terraces· and prairies rests upon sandstone, as 
~ay be seen by comparing the J\iia.p of Vegetation with the Geological 
Map of the district; and thus unfot·tnnately the dr·ainage is very good; 
~nd nothing but a m0re constant rainfall can save these areas from· 
frequent dronghts. As timber requires a unffo'l"ln supply of water 
~hronghout the year, its absence O\"er these regions ma,v be due to the· 
porous nature of the subsoil and rock formation. Indeed, both prairie· 

~nd terrace. vegetation may owe their pre8ence in part to the nature of 
the sandstone underlying them. · 
,. lV!uch of this group in St. Cl'Oix and Pierce counties is tmderlain by 
bi1t a fe\vfeet of sandstone, and under a portion the Lower .Magnesi~n 
litnestorie is the subjacent rock. In these cases, a richet·, more pro-: 
dnc.tive soil is the result, except in the immediate dcinity of tlte St.' 
Peters sandstone blufi'a. The fin vial or lacustrine deposits near H.iver 
Falls, and the level areas nea:r Willow and Rush rivers, illustrate this· 
very finely. 
· .in tl.1i~ pr,airie. soil is capable of yielding rich returns to the fa~mer 
\\rho 'understands its deficiencies and end(avors to remedy them. 
l'Inch of it needs. more lime and magnesia to make the gro\ving of 
small grains continuously successful. Limestone from the Lower 
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)fa.gncsian or Trenton formation will yield. these elements. As it 
readily parts with soluble manures, its abs()rpt.ive' and retentive PO\Y: 
ers sh('Hld be increased. In natnre, ~lay and carbonaceous matter 
serve these pnrposes. This result would, perhaps, he most re~dily 
.attained by giving the soil fertilizers in gt·eater qnantities, and adding 
·to its absorptive power by frequently plowing under a crop of clover, 
tlms fnrnislting a fresh supply of carbon as well as adding other val-
,uab1e elements. 'Vheat, corn, oats with clover, and clover constitnt~ 
an r~pproved succession of crops. On .one of the premium farms in 
:EnglanJ, with a dt·y, porons soil, the following order was u.sed with. 
great snccess: "First, potatoes, after lea; second, w,heat; third, oat~ 
or barley; fourth, hay; fifth, hay." The last two years, after the crop 
. was sectued, the grass land was pastured .. 

In any section of country, a uniform and plentiful supply of rain 
·is one of the most essenti~l prerequisites to a successful cultiv~tion of 
'the soil. The only exception exists in those countries where irriga­
tion may be practiced. After all that ha.~. been written upon the sub­
ject of rr~infall, after the ·repeated warnings nature has given in the 
.form of droughts, and floods, and extret;nes of heat and cold, it CCl;­

:tainly seems strange that farmers should not only persist in the de­
struction of timber, bnt should neglect to restore the forests by replant­
.ing, till tlte state or general government: sl~ould offer a bounty for so 
doing, when they themselves are the princ~pal sufi'erers. It cannot 
be a want of care for the welfare of th~. next generation for the e\'i't 
.effects of this course are felt already. If people are not convinced of 
the evil influence of forest denudation upon climate and rainfall, ft 
must be, in the opinion of the \\Titer, that they have not fully considered 
the subject~ 'I'o ~ecure the best results, ~oncerted eff01·t is necessary; 
but individual work is not without profit when ·many valuable forest 
trees have so rapid a growth, though unfortunately in a new country 

·.few think that thev can afford to wait for the return. After a carefn l 
oJ • 

. consideration of the subject, the writer believes that a single township 
may have the benefit of a more uniform w~ter supply by tree p1ant­

. ing; hut to effect a marked change in rainfall and climate the large 
treeless tracts denuded of timber, and the prai"r'ies and terraces through­
out the di~;trict and regions to the we.st in Minnesota must be occupied 

·by nnmerons groves of forest trees, that the intense radiation of heat 
, and the rapid evaporation of moisture may be checked. . 

'Vhere so many seem indifferent, and where all would' be benefited, 
it is the dnty of the state to prote.~t its interests, present and fntm·e, 

·:by legislation: first, by granting assistanc~ in money; then, if this is 
not fully successful, by pains and penaltie.s. At least ·one-fourth of 

.. . '• ...... \,.. ' 
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ever,y farm sho~ld be timber; and every year trees should be planted 
to take the place of those cut down, that this ratio ma,y be maintained. 

The annual rainfall may not be increased largely, but beyond. q nes­
t ion the moisture precipitated will be more uniformly distributed 
throughout the year. This is exactly what grain, fruit and forests 
require, and what the land must have to make its continued tillaO'e 

o, 
profitable. The way in whi<:!h forests accomplish this, with the sev-
eral reasons therefor, is briefly outlined under Hydrology (pp. 139~142), 
and need no·t be repeated here. 

Though the resume of the subject is presented under Class I, its 
careful consideration is commended to the people of the entire dis­

, trict, both in those xegions where the deatruction of forests still con­
tinues; and in all those localities where the timber is light and soil 
porous. 

Class II. Onk and Poplar Group. Lying between Groups I and· 
III, geographically, this group partakes somewhat of the nature of 
both, and frequently shades into them by almost imperceptible de­
grees. 

Unlike the the oak groves in the limestone and heavy-drift regions, 
1nuch of .the timber is·qnite light, being composed largely of shrubs 
and bushes. The species were not oboerved, bnt so far as remembered 
they are smaller vat•ieties of RL'<i Oak ( Q·uercus r·ub1·a ), Black Oak 
(Q1.terc·us tinctor·ia), Aspen (Populus tremuloides), Great-toothed 
Poplar ( Poptdus grandidentata), and, in the vicinity of the pine bar­
rens, a dwarfish oak with dark foliage, Black Jack Oak (Quercus 
. ~) n~gra . . 
In the richer soil in the vicinity of. the next group, fair sized indi­

viduals of 'Vhite Oak (Quercus alba), and Burr Oak (Quercus ma­
crocarpa), are mixed with larger forms of a portion of the preceding. 

In the northwestern portion of St. Croix county, west of vVillow 
and Apple rivers, dwarf oaks aud poplars, with hazel bushes (Oorylus 
Americana), occupy the surface except over the,Lower Magnesian 
limestone in the eastern· and western borders of the region. Though 
the sn bsoil is composed in part of glaeial drift, in this portio~ of the 
country, this usually rich earth contains so large a proportion of sand 
fi:om the large area of Potsdam sandstone at_ the north, that the water 
soon leaves the surface and sinks to a great depth below, as shown by 

.. wells. The greater tenacity of the surface so~l is all that saves these 
townships from the treeless condition of the prairies and terraces. By 
supplying the soil with calcareous and carbonaceous matter throngh 
fertilizers and the rotation of crops, indicated under the preceding 

· gt'onp, this region could be brought more largely un~er cultivation.· 
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. In southern St. Cmix and Pierce counties over the Tr~nton and 
Lower .1\Iagnesian.limeatonea, and· where these formations bordet· upon. 
the underlying s:1ndstones of the valleys, thus giving the surface a 
continued supply of calcareous material through wash, a heavier growth 
of timber and a richer soil prevail. ·This soil resembles quite closely 
the light marly-clay soil of the oak-openings of the land bordering, 
upon Rock prai1·ie of southeastern '\Visconsin, and, like it, is rich and 
productive. The sarne is likewise true of the belt nor~h of St. Croix 
prairie, belonging to this group. With proper care and attention, the 
soil of these two areas should continue to yield abundant returns to 
the farmer. · 

In central and eastern Dunn county, a somewhat greater diversity 
existB, a.s m.'t.Y be seen in p:trt by referring to the map (Plate IV). 
In Central Dnnn county a few island like blnffa; either capped or re­
cently capped (geologically speaking) by Lower lVIagneai11n limestone, 
supply the contignons regions with. calcareous loam, and consequently 
a vigorous gt:owth of vegetation is the result. Nearly all the bluffs 
and ridges in this part or the co1~nty expose one or both of the cal­
careous bands and the shaly layers of the Potsdam S£~ndstone to the 
denuding action of wind, rain and frost, and thus much of the soil is 
rendered quite productive by wash. 
· At the east the trees are small and s~a"ttering, except along the sev­
eral streams, and the soil, in ·general, light and porous. Ilere and 
there an old lake bottom or water course, or a detached, irregular area. 
of clay soil, pos:5ibly a remnant of the drift from the granite to the 
north, supports a heavier growth of timber, and gives to one or more 
farmers qnite productive land for cultivation. Such areas a1·e prob­
ably more prevalent to the north and east, in the more immediate vi­
cinity of tbe Archrean rocks. 

Tbe timber of this group is quite mixed throughout Dunn county. 
The prevailing kinds are Black and Red Oaks, and Poplar, with here 
and there small groves ~f ~Vhite Birch (Betula alba, var. popullfoZia), 
Red Cedar ( J1.1·niper~t8 Vi1·giniana), Spruce ( .A.bi~Js sp. ,9 ), Balsam 
Fir (Abies bal8Ct7nea ), and Pine (Pinus sp . .9 ). The slopes of the 
blufi's and the lower barrens are frequently covered by Blueberries, 
Blackberries ( f{uous 1.-•illosus and R. Canadensis!), and Red aud 
Black Raspbenies (R-ubus strigosus and .R. ocoidentalisj. This 
would indicate that the culture of· small fruit might be made qnite 
succes::.fnl. 

In the northern portion of the ~ounty, the timl;>er becomes m"Qch 
heavier, and valuable pine lands still exist. Very little land is under 
cultivation, and the resources and capabilities of these townships are 



152~ GEOLOGY OF THE' LOWER ST .. CROIX DTSTRlCT. 

b'Ut little kn'own. We did not have the tirne to vi"it them; bnt from 
what we learned, should jndge that much good land may be brought. 
under cultivation. 
:. The portions of Chippewa, Eau Claire and Pepin conn ties visited; 

differ but little from'those portions of Dunn county that conespond 
geologically. IIere, as in Dunn county, the nndel'lying sa.nJstone 
and the calcareous and clayey layers exposed in the bln1t6 and 1·idge.~, 

together with the patches of glacial drift, determine, to a gt·ea.t de-· 
grec, the character of both vegetation and soil. r As the sub3oil pos.:.: 
sesses bnt little tenacity, being quite univer..:;ally pototB, an abund­
ance of fertilizers and a constant supply of water. are e.:;sential to con­
tinued good crops . 
. Class III. Ha1.·dwoo!l an{l Coni fer Group. This gronp includes 

a great v:wiety of species of forest trees, owing to the clivei·sity of soil 
a.nd subsoil and conditions of moisture and elevation which the Lelt oc-

. cupied by the group presents; but .with few exceptions, whatever the 
species. each finds here the most favorable conditions for growth and 
continued existence the entire district presents, and hen~e the entire 
belt is usnally denominated the" The Heavy TimLPr.". The uplands 
on the west and north are underlaifl by Lower 1\'Iagnesian limestone, 
with here and there low hills of St. Peters sandstone. The numerous 
creeks and rivers which find the it· eonrce in these uplands soon cut 
their channels into and through the limestone to the Potsdam sand­
stone below, leaving the limestone in nearly vertical ledges, nnd thus 
exposed to con·stant erosion by the elements. -As tho channels sink 
lower and lower into the Potsdam sandstone, fi.r3t the calca1·eous bands 
then the shaly layers are given to the elements, and whPn these are no 
longer shown in their banks, the streams have passed out of the group. 

Nothing could show more unmistakably that both soil and sub3oil 
obtained the greater part of the elements which compose them from 
contiguous rock formations where glacial drift is light or ab.sent; and 
that they still depend upon the limestones ~nd calcai·eous sandstone 
for a continued supply of natural fertilizers and other elements to 
preserve the proper strength and tenacity of the soi 1, that the veg·eta­
tion may have a constant supply of food for its rapid growth. 
: 0£ the three formations which have contributed to the soil and sub­
soil, the Lower :Magnesian limestone has given most that is essential 
to a good soil, and thus may be said to be the formation which ren­
dered so magnificent a growth of timber possible. The varying pro· 
portion of material obt.aii1ed from the three strata has given the g1·eat 
variety, making the group a collection of groves, rather than a body 
of m~xed timber having like affi!}ities. 
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~ White Pine (Pinus strobus) finds on the l1igh lands, where sand 
from the St. Peters sandstone remains, and in the river and creek val-. 
leys in the Potsdam sandstone, the. warm, silicious soil it seems to 
prefer. Large quantities of pine logs have been run down the se\?eral 
streams since the advent of the lumberman, and a number of mills 
are still in operation, converting the trees that remain on the smaller. 
creeks into lumber, so that few of the large, handsome trees that once 
grew in this group still remain. In the richer, deeper soil over the 
limestone, and where the wash is deep in the valleys below, White, 
Red, and Burr Oaks grow with Sugar and ·Red 1Yiaples ( AceTsaccliaTi:. 
num and A. TUbTum), Basswood (Titia Americana), Slippery and 
American Elms (Ulmus fulva and U . .AmeTicana), White Ash 
(FTaxinus Americana), Ironwood (OstTya ViTginica), Dlack Alder 
( Alm;us incana), Butternut ( J~tglans cineTea), Bitternut (Oarya 
arnaTa), Poplars and Thorn Apple (0Tat(l3gus coccinea), American 
Crab ( }:JyruscoTonaria), Wild Red Cherr.Y'( Prunus Pennsylvanica), 
Chokeberry (l)yrus aTbutijolia), and Wild Plum ( Prunus AmeTi­
cana). In many of the damper woods, Dlack Ash ( FTazinus sam-· 
bucifolia ), Red Maple and 'N ater Deech ( OaTpinus Americana), are 
the prevailing species. 

In the northern portion of this belt, Pine is ·more prevalent, while 
.11t the south, Oak, Maple, and Elm are more characteristic. ' 
· Except in Pierce county, but a small proportion of this wealth of) 
'30il has been brought under cultivation; but whenever the ax clears the' 
way for the plow and reaper, the farmer may expect generous returns 
for his labor, if he but uses the land wisely, and restores the food his 
crops remove for their tissues, as the soil is by no means inexhaustible.· 

Class IV. :Pine Group. Apart ft·om the areas assigned to the tw·o 
preceding groups, little land covered exclusively by pine exists in the 
district. The location of several ·bodies is shown in Plate IV. Mote' 
probably exist in those regions, as the conditions are quite favorable. 
for its growth, but these are all that came to our notice of sufficient 
size to merit separate mention. 

The bodies of White Pine are frequently skirted by Red Pine, 
~ Piwus Tesinosa), wrongly .called Norway Pine with a tree termed· 
Bla~k or Jack Pine (Pinus Banksianrt) in the drier situations. The 
rock formation, or the body of sand beneath the surface chosen by 
conifers as a habitat, renders the soil of pine lands, for the most part; 
unsuitable for agricultural purposes, but there is no reason why these: 
areas may not be replanted to pine, and thus provision rriade for the~ 
coming generations, and large tracts rendered rain.inducing instead 
of a dry, ba1·ren plain. 
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Class V. Grass and Sedge Group. Bordering nearly every 
stream in the district are more or less extensive bottom land3, flooded 
during portions of the year, that produce the well known marsh veg. 
etation. 

The borders of many lakes in the more elevated regions _show 
nearly the same species; so also do the ponds and moist hollows in. 
similar situations. The greater proportion of.,the marshes are used 
for hay and meadow lands, the poorer sedge marshes being very for­
tunately in the minority. No cranberries were seen growing with 
this group, but there seems to· be no reason why they should not 
flourish in peat marshes, over the Potsdam sandstone, that may be 
flooded and drained at pleasure. 

Class VI. Tamarac Gt~oup. These well-known conifers cover a 
few peat marshes in the district, in the midst or apart from the pre. 
ceding group. They prefer those marshes that are quite moist 'through­
out the year. The Tamarac or American Larch (Larix .Arnericana) 
is very. exclusive in its habits, permitting but few other arboreal spe­
cies in its midst. The Ericacere constitute almost the entire under­
growth, and the wet, peaty bottom is carpeted with Sphagnoid mosses. 
In some portions of the state where the Tamarac has been destroyed 
by fire or other agencies, the last species, with its ncar relatives, cnn­
tinues its growth till the fallen Tamaracs are covered by several feet 
of peat. In some portions of the eastern part of the district, the· 
Tamarac is replaced by Cedar and Spruce, and by Black Ash. 

Much of the land covered by this group is too wet. or, if drained, 
too sour to be cultivated at or1cc for small grains; though this depends 
so largely upon the mineral and organic constituents, that it is by no 
means universally true, and if this soil is treated patiently and wisely, 
the best of meadows frcq nentlJ;. result. Quick-lime is an excellent 
corrective, and fifty bushels per acre are frequently sown on wet lands, 
making them S\veet and productive. 

On account of the extent of the district, and the necessarily limited 
size of the plate, a num bcr of the southern townships conld not be 
shown on the map; but this is not so much to be regretted, as the veg­
etation is quite similar to the contiguous townships on Plate IV, and 
in the treatment of the ~ubject, the entire district l1as been kept in view. 

The· discussion of this topic has been somewhat extended, and 
much has been given in regard to soil and subsoil, that the way may 
be prepared for a clear and concise exposition of the following im­
portant topic, so difficult of treatment:· 
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CHAPTER VI. 

G. SOILS ... \.ND SUBSOILS. 

Outline. 

a. Mineral- 2. Metamorphic,- granites, etc. 
. { 1. Igneous rocks.? 

By attrition from 3. Semi-crystalline, some limestones, etc. 
4. Fragmental,- sandstones, ere. 

b. Vegetable- 1 
By decomposition 

, from 

l c. Animal- { 
By decomposition 

· from 

1. Herbs. 
2. Shrubs. 
3. Trees. 

1. Vertebrates. 
2. Articulates. 
3. Mollusks. (Post Silurian.) 

{ 

d. Silicwus. . 
e. Calcareous. 

II. KINDs.* 'f. A1·gillaceor.ts. 2. Characteristics. 
{ 

1. Origin. 

g. Carbonaceous. 3. Prevalence. 

But a small proportion of the tissue of a plant is made from soil, 
as may be seen by comparing the ashes from· a burnt log with the 
matter it contained before burning. 

Its chief food is found in the gases and liquids of which a part~ 

mostly the former, are derived directly from the atmosphere, and the 
re~aining portion of the gases and liquids from the ground; and th_ns 
one of the principal offices of the soil' is to serve as a reservoir for the 
fluid part of the plant food. 

Remove.the absorptive and retentive powers of a soil and it becomes 
worthless. A like result follows if these powers are given to excess. 
Then· the structure and composition of a soil are the important factors 
that deterrt?-ine its value. 

In the treatment of this topic I shall endeavor to make it simple, 
rather than exhaustive. The more important kinds and the chief 
characteristics, alone, wi11 be considered; and tlu!-S the. facts and sug­
gestions will, it is believed, be rendered more available. · 

* Named from leading constituent. 
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The relationship that exists between the soils and subsoils and tho 
accompanying vegetation is so intimate, that mnch of interest in this 
subject has been more conveniently presented with the latter, and so 
will be found in that connection. 

1. Ol'igin of' the Soils and Subsoils of Lower St. Croix. a. Min­
. eral by AttPiaon. Few i)e~ple have not noticed that from day to day 
and from year to year~ tlte large masses of rock around them are 
slowly crumbling down and wearing mvay. 

Acid and alkaline waters, frost, storms of wind and rain, and lnul­
titndes of minute c:ryptogamons plants are constantly at work lower­
ing the limestoue .blnff;3, the sandstone mounds and t_he granite ridges. 
Prof. Dana states that the Appalachians have probably lost by dennd­
at.ion more material than they now contain. The rock foundations ot 
Wisconsin were exposed to the elements ages and ages before many 
of the Appalachian peaks were lifted abo,·e the surface of the Paleo­
zoic seas. Is it any wonder, then, that on~ mountains are.' so·low and 
our soils and ~nbsoils in many places so deep~ 

All the materials which compose our soils, excluding thqse under 
band c, are found as the constituent elements of these mountains. 
Fragments are fonnd miles away ·which may almost be. taken to the 
parent ledge. Fossils have been found by me in bo,vlders at many 
points in Southern Wisconsin~ which unquestionably have traveled 
hundreds of miles; and the laborer throws from his gravel pit, peb1 
bles which once must have rested snugly fn the granite and diorite 
ledges of Northern vVisconsin and :Michigan. 

Lastly, the origin of onr soils from solid rocks by attrition (except 
b and c) is indicated by the rounded grains and pebbles which show· 
by their very fonn that they have endured the wearing, grinding ac~ 
tion of transportation by water in one of its forms. . 
.. b and c. Vegetable and Anirnal, by Decomposition. J\'Iateria1s de: 
rived .from this source are of the utmost importance to our surface 
soils, giving to them elements and absorptive powers which are essen­
tial to most plant life and growth. · 

Forest upon forest has lived and decayed, burying wi_th its fa.11mg 
trunks the countless multitude of animals that have sought its depths 
for food and protection. · 

For ages the vegetable \"VOrld ·has been engaged in separating car-· 
.bon from the oxygen of the carbon di-oxide of the air, storing it up 
in its tissues, till they in turn give it up to the soil to aid in the 
'growth of the next generation of plants. · 

2. Kinds of Soils. d. Sit?:cinu.s. 1. Origin. The Archrean rocks 
t~the northward are-rich in silica, and thus would furnish an abund·~ 
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ahce of silicious sand when worn 'down by erosion. The ·Potsdam 
sandstone lying next on the south, and occupying nearly the whole of 
Dunn county' and extensive areas in St. Croix, is capable of furnish­
ing an nnlimited amount of sand; while the St. Peters. sandstone of 
St. Croix and Pierce counties is but an immense sanJbank. 
: 2. 0/taracteristics. Sandy soils are hot and dt·y, because they 
quickly give ~up their moisture; give free access to atmospheric air, 
and soon lose soluble manures . 

. 3. }Jrr;.v.ale.nce. Were it not for the fact that grains of sand, ex­
cept '~l~c~. ~·~ry minute, arc only transpor·tecl by bciug rolled along by 
:runn.fng.,vater. or carried by moving ice, large at·eas which are now 
cultivated would be utterly barren. As it is, the ~and is not trans­
ported long distances except by streams of considerable size, so that 
the rnap fur the sandstone Jormations answers very well for a map of 
sandy soils. , 
:_ Exceptions, due to the fact that the sand has been covered by other 
·Jnaterial, will be mentioned under f, 3. 
. e. Oalcar-eo·us. 1. Origin. Lime and magnesia are constituents 
of the Archruan rocks in Northern vVisconsin; but we mnst look to 
limestones, sandstones, and remains of mudet·n animals, fut· the more 
-immediate source of snpply.of these itnpot·tant components of onr.su~­
·face so.ils. The Lower Magnesian and Trenton 1irt1estones, and th~ 
calcareous layer8 of the Potsdam sandstone, have furnisheJ the larger 
percentage. 
· . 2. Giut.racteristics. A·lime soil absorbs large. quantities of water 
without becoming sodden; it has grcatet· tenacity than sandy, but 
·1ess than a clay soil, and it shrinks lei's than the latter on drying up. 
·Alone, lime makes a soil that is pour and hot, unt, mixed with a little 
.cl.ay, the soil is excellent. Doth lime and magnesia are essential to 
rnost plant life and growth. 
~ 3. l)revalence. The areas possessing the above characters are con­
fined, principally, to St. Croix and Pier·ce counties, and for the most 
·part overlie the Lower ~iagnesian and Trenton limestones. Sand and 
'clay so predominate that the calcareous rnatet·ial is alt~10st entirely 
disguised in the surface soils. The particles of carbonate of lime and 
:magnesia have been removed from the Slll'face by vegetation and water 
'sinking to lower levels, and are pat'tially restor·ed by wash from lime­
:stone or calcareous sandstone ledges. by sn bsoil plowing, ami by water 

· that is slowly raised to the surface by capillar·y attt·action. 
- f. Arg-illaceous. · 1. Oriyin. Fortunately for '\V.isconsin, the Ar­
'chman rucks a .. t the north are quite t•ich in clay-making material; 
fortunately for N orthwcster.u "\Viscousiu, the Potoua.m sandstone and 
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Lower .Magnesian limestone contain, _in. many layers, a large percent 
age of clay. 

1 

· 2. Characteri8t?:cs. Cia.~ is not food for plants, but unites the looser 
ingredients of the soil. ·Loam is to be regarded as clay intimat~ly 
mixed \Vi th i t·on rust (hydrate of the peroxit;le of iron) and lar~e q nan­
'tities ·of sand, obtaining its bt·own or red color from the former. This 
·form of clay· soil· i,s more porous than pure clay, being also n'lilder,_ 
softer, weaker, warmer, and more permeable. 
· 3. P1·evalence. Fortunately and unfortunately; clay is very readily 
'transported by water, as may be seen after any shower. Fortunately, 
"foi· otherwise, sandy,tracts, as the ~oolies along the ridges, are thns 
made very productive; unfortunately, because the clay is carried away 
by the creeks and rivers, leaving most of the sand behind. 

Forests are so dependent on a moist soU that the best map of the 
clayey-loam soil will be found in the map of vegetation. 

' ' The areas marked prairie in St. Croix. and Dnnit counties are 
. usually· quite prodncth·e, but these prairies have so large a body of 
·sand underneath that they are often seriously affected by drought. 
The surface soil is, for the most-part, a light loam. This is likewise 
'true of the terraces along the St. Croix and the Chippewa rivers. 
·Many of the bluffs and ridges in the vicinity and in the midst of ~he 
areas of Potsdam sandstone furnish a constant supply of .calcareous 
loam, so that the rUJ;rrow valleys rank among the most productive 
lands of the state. 

g. Carbonaceous. 1. Origin. As has been already stated, plants 
and animals supply our soil with carbonaceous material. 

2. Characteristics. Carbonaceous earth is a poiverfnl absorbent of 
gases, and is a deoxidizer as well. Thus the plants get the gases so 
essential to their existence. 

3. Prevalence. This constitutes the surface soil· of the entire dis­
. trict, and its varying derth, indicated by its dark color, furnishes one 
of the best proofs of productiveness, aside from actual trial. 

This· topic very fittingly closes this report, as most of general inter· 
est in the Geology, Topography, Hydrology and Vegetation of the 
district centers here. 

None of the more important ores -iron, lead, copper, etc.-was 
·discovered, though the presence of the first two was claimed by those 
who believed in the stories told by Indians and very secretive white 

men. 
It is possible that lead ore (galenite} exists in the Lower Magnesian 

limestone as in the Lead Region, but from all that we learned we do 
·not think that such a de.;ideratum is very probable. 
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It is entirely useless to look for coal, and nearly so for iron and cop­
t:'~r in paying. quantities. These latter are certainly not to be fou~d _ 
in any of the limestones and sandstones except as impurities, and the 
rocks that may possibly contain them lie without the diotrict or be­
neatlt the Potsdam sandstone . 

. Most of the clay is too imrure for br·ick ma.lcing. The only locality 
known where clay is used for brick is near Menomonie. Two kilns 
are here in successful operation. We had the opportunity of -visiting 
but one, that owned by ~ir. 'Villiam Drowley. The clay contained 
sufficient sand to work well; and the molding is done with sand by 
hand. Six to seven days are required in burning. vVood was worth 
$1.50 per cord for soft, and $1.75 to $2.00 for hard, when the yard 
was visited in 1875. During the year preceding, 450,000 brownish 
red brick were burned, mostly for consumption within the district. 

Thus it will be seen that the wealth of Lower St. Croix district lies 
chiefly in its farming lands. Several large saw-mills are now in cou­
stant operation manufacturing lumber from pine cut for the most 
part without the district; but the amount of wealth from this source 
is small compared with that which is locked up in its soil, and the 
sooner capital and labor are turned more exclusively to the develop­
ment of the agricultural resources, the sooner will continued prosper-
ity be brought to its people. · · · 





PART III. 

P A.L£0NTOLOGY. 

BY R. P. WHITFIELD. 





PRELIMINARY REMA.R.KS. 

The species described in the following pages are not offered as a· 
complete representation of the fauna of the several geological forrna­
tions ()f the state, but only as a few of the more prominent known 
species, together with some of the most characteristic new ones of the 
severallocalitie8 'from which they have been obtained. Many of the 
forms illustrated have been given previously in the geological reports 
of other states; or have been partially illustrated in papers published 
elsewhere, which are either out of print or otherwise inaccessible to· 
most of the citizens of the state. It has therefore been thought ad­
visable to give, in this connectton, a few well marked forms from each 
principal geological formation, to er:table those fiving within the region 
occupied by them, to identify the different beds from a report which. 
it is hoped may be placed within the reach of alL Of the new forms, 
those which are the I.LtOst abundant, or those which are most likely to 
attract attention, have usually been selected from the several localities, 
and do not by any means include all of those recognized as undescribed, 
or new to science. In a few .instances, uncommon or obscure forms 
have been given; b11t such as are expected, from their peculiari­
t~es, will most l!kely be found at other localities, and will serve as 
guides in determining or identifying their equivalent strata at other 
points. For this purpose, partially, the localities wher~ the sev- . 
eral species have been found are given at the end of the description,: 
so that by reference to the locality where mentioned in the Report 
previously published (VoL II), the relative geological position of th~ 
strata in which they occur may readily be determined. · 

It is a matter of considerable interest that, in different localities of 
the -Potsdam formation, the forms of Trilobites found are generally 
specifically distinct; and, notwithstanding the large number of species 
already described from this formation, both in this state and from 
other parts of the country, other -q.ew forms, readily detected by those' . 
familiar with the several details of structure peculiar to these ~nimals, 
are met with at almost every new locality examined. This change in· 
species between different localities is usually accompanied also by 
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some slight 4ifference in the material or composition of the rock, 
which not only shows that the species were of short duration in time, 
or that they were restricted to limited geographical areas, but that a 
change in the conditions of life and circumstances under which the 
animals existed,' and with which they had to contend, was const:;mtly 
taking place. · IIow much these circumstances or conditions had to do 
with the production of forms, or modification·of types among them, 
it would be -difficult to determine; but one thing is certain, that where 
the same character of rock, and apparent conditiops of deposition pre­
vail. over ·a.limited geographical at;ea~ or are repeated with'in a slight 
vertical range, we are.· pretty ·sure. to find the same~· or closely allied, 
forms represented, showing that; under like conditions, similar forms _ 
prevail. · 

· Arnon g. the new forms described from the Potsdam sandstones, the 
genera Palmacmaea, Bellerophvn, and Ellipsocephalus, are here 
n·oticed for the first time in the formation in Wisconsin. The first of 
these lias only been noticed in the rocks of this age in New York, 
where the typical species occurs. The Wi~consin form, although dif­
fering specifically, closely resembles theN ew York form, and occurs 
i~ a rock of precisely similar character;· namely, a hard, light colored, 
siliceous sandstone, compactly cemented by a siliceou~ cement, and 
r~sembling a quartzite. The genus Belleroplwn is, I believe, here 
noticed for the first time at so low a geological horizon. The species 
is a well marked form, and although represented only by internal 
casts, is clearly seen to belong to the imper:forate section of the genus. 
Of the trilobitic genus Ellipsocephalus, no species has hitherto been 
described from the rocks of this country; and in Europe it is credited 
to .. the lower beds of the Primordial strata. The form herein described· 
is very characteristic of the genus, the part preserved having strong 
affinities with the European .E. H ojfii, Schlot., and indicates the low 
geological position of the strata. 
· The group of Gasteropods from the Lower lriagnesian limm~tone o£ 

Eikey's q narry, near Baraboo, will be found to possess considerable 
interest, not alone from their geological position, but also from the 
fact that all but two of 'the entire group have reversed spires, or are 
recurved at their apices, while the exceptions are capuloid in form and 

have no twist. 
Of the Trenton and . Galena limestone species, a few only of the 

more characteristic forms have been selected, and these from some of 
the typical localities. Ampng the fossils of the former group at· 
many localities, there usually occur an abundance of Brachiopoda, . 
some of which are eminently c)lat•acter'istic of the formation, but niost . 
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of them have· been so o{ten described and illustrated, and are so gen-
. erally known, that it has seemed unnecessary to repeat them here, at 
considerable expense; while other forms,. as widely spread and eq nally 
abundant in the formation \Vi thin the state, would then necessarily be 
left untouched. Throughout the Blue and Buff limestones of the 
formations in southern. vVisconsin, the (J-asteropods and Oepha_lopods 
characterize the formation, almost to the exclusio~ of Bracl~iopods, 
the few forms of the latter class which are common being principally · 

: Strophomenoid forms, and are mostly of the three species, Stropho· 
rnena alternata and S. can1_erata Conrad, and S. incrassata .Hall, or 

· orie usually referred to that species. But by far the greater propor­
.. tion of the organic rem~ins of the beds consists of the true -mollusca, 
. ·Larnellibrancl~iata, Gasteropoda and Cephalopoda. In the upper 

blue beds of the group, there are usually large numbers of Ortl~is of 
two or three species, but they are mostly confined to the few feet con­
stituting this bed, which occurs immediately-below the (!alena beds, 

'and but few individuals of the species· occur. below. Among the 
· Lamellibranchiates, the genera Oypricardites and Tellinomya are 
much the most common. A few other genera are represented, but by 
comparatively few species and individuals. The Gasteropods are 
more numerous, but consist principally of the genera jlf.aclurea, 
Ophileta, Raphistoma, Trochonema, J.J:f urchisonia, Pleurotomaria, 

· S~tbulites, Bucania and Bellerophon, some of which are quite abund­
antly represented in individuals, especially the last mentioned, which 
often forms a thin but almost continuous layer of considerable extent, 

·in the lower blue b~ds. · · 
· Among the Cephalopods o£ this formation, the great developm~nt 

of the genera Oncoceras and Oyrtoceras may be mentioned as a pe­
culiar feature, both as regards the number of species and individuals; 
and among them some aberrant forms occur, such_.as those flattened 
on one side, as represented by Oyrtoceras planoconvexum (Ortlwceras 
planoconvexum I-Iall) and 0. planidorsat?tm Whit£. The Ortlwce­
rata are also represented· by several genera other than the typical one. 
In fact, trne Orthoceras is rare, except as represented by the annulated 
forms; while Endoceras, Oameroceras;Ormoceras and .A..ctinocera8 
are the prevailing type·s. 

The fossils repre~enting the fauna of the Hndson 7River (Oinc..in~ 
nati) shales have been 'fonnd at but few localities, but are so charac­
teristic where obtained; as to leave no doubt of· the identity of the 
beds with those recognized in other parts· of the country. The pre­
vailing forms at most localities are Oh::etetes-like bodies and 13rvozo-' 
aus; of which there-'are represented-in ~he· 'collections many sp~cies 

. I 
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entirely new to· science. A fe~v of these only ·have been· described 
and illustrated. Certain forms of Brachi,opods are also not uncom­
mon at some of the localities, though not abundant in individuals to 
the extent to which they often occur in other parts of the country. 
A. few of the new forms which have proved ·mos't abundant, and which 

. are known to occur at several localities, have been figured on Plate 
12, which, together with the other forms illustrated, will greatly aid 
in ,determining the formation at new localities. . 

..... ()£ all the geologic~] formations of, t~;e state, the Niagara group' _ir(: · · ;·.: ; 
:by far 'th~ .most ahundantly fossiliferous, and the fauna presents 'many 1

· •• ... ·: 

' peculiarities. Among these, perhaps th~ most noticeable is th~_great 
abundance of corals which ocGnr 'in some of the beds ·extending over 
a large territory within the state. Among them are many very strik­
ing and beautiful forms, which must have 0ccured in great abundance, 
.for their remains are found imbedded in th~ drift and scattered over a 
great extent of country, as well as in the rocks in place. It is to be 
regretted that a complete illustration of these species could not be 

'g{ven, but it would involve considerable expense and regnire a large 
':9lume for these alone. I have endeavored to present a few of the 
most prominent forms, or those which appear to be the most charac­
t~~istic. It is possible, however, and even probable, that some of 

'these may ultimately prove to be characteristic of certain beds only, 
and may occur at but few localities. Among the Brachiopods of the 
group, the genus ]>entamerus appears to be the most abundant and 
widely spread, both geologically and geographically. Them are, how­
ever, many local varieties of the principal species ( P. oblongus ), that 
are confined to quite limited areas, and in many cases, as shown by 
the collections of the survey, to a limited vertical range in the forma­
tion: showing a greater amount of local variation than has been no­
ticed in any other group of shells. The changes which are seen to 
have taken p1ace, among those referred to in this species, a1·e entirely 
too great to be satisfactorily included within the limits of a single 
species, or to be ascribed to individual variations only; and the fact 
that any certain form or type prevails over a given :.=trea, a1mvst to 
the total exclusion of all other varieties, is, I think, pretty strong ev­
idence of its specific value. Certainly if we should find among living 
forms, even at the same locality, the same amount of variation, there 
would be strong inclination on the part of most persons to regard 
them as of specific v:alue; especially as these variations involve both 
the external and internal features of the shells. On plate 17 a few 
of these varieties have been shown. 

The upper portion of the Niagara group is particularly character· 

~ .' . . . ; '. 
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ize.d, at most of the localities, by the gre~t abundance . of. crinoidal 
remains; but as many of them have been illustrated elsewhere, it 
seemed undesirable to incur the expense of 'republication at this time. 

The recognition of the true equivalent of the Guelph limestone ·Of 
Canada at several points within the state, characterized by a number 
of ._its. peqpU~r fQ~.$ils, and with an expression of the entire fauna dif­
fering materially from that of the Niagara limestone below, is also an 
interesting fact, and the impossibility of illustrating the entire fauna, 
a matter of COJ).Siderable regret. Th~ recognition of these beds, and 

. the discovery of Lower :Helderberg fossils below the cement beds 
ar~und Milwaukee, will probably tend to throw additional light on 
the question of the relative age of .some other formations of this and 
the adjoining states. rhe higher beds around Milwaukee have shown 
by their fossils, a closer affinity with the Hamilton group of New 
York than with the l]pper IIelderberg group, as heretofore sup1)osed. 
The positive identity of so many species leaves little or no question as 
to the age of the formation, and its occurrence at this point; when 
taken iQ connection with the trend of formations in Michigan, across 
the lake, shows unmistakably its relation to, and former connection: 
with the beds in the northern part of that peninsula. And the fauna 
taken collectively, would perhaps indicate that it represents the entire 
Devonian series, as represented at other points. 



.• 

'· 



' 

-SPECIES- FROM THE POTSDAM SANDSTONE. 

PLANT£~ 

GENUS P AL1EO PH""¥"-OUS, Hall. 

p AL1EOPHYOUS PL UMOSUB. 

Plate I. Fig. 1. 

Palceop~ycus plumosum _;_Whitfield; An. Rept: 9-eol. Su.rv:ey Wis. for 1877, p. 50. 

Remains consisting of slender and .el~ngated, slig)ltly flattened or 
. cylindrical stems of about a twelfth of ari 'inch in diameter, and some­
. what flexuous; dividing and subdivi~ing at ~he upper extremity into 

several branches, forming feather-like· tufts, the divisions of which 
almost imme'diately attain the same dimensions as· the 'parent stem, 
and are from l;lalf an inch to an inch and a· half in length. Surface 
apparently roughened by indistinct longitudinal corrugations . 

. The remains at first sight somewhat.'resemble those described in 
Vol. I, Pal. Foss. Canada, under'the generic name Licrophycu8, but 
when more closely examined, are seen· to ·have an entirely difl'erent 
mode of bifurcation, the divisions being of the size of the parent stern 
and taking place apparently one at a:tim~, although very near each 
other, instead of the parent stem breaking up: at once into a great num­
ber of smaller branches. 

I 

·Formation.~and locality. .In thin, ~eenish · sandston_e layers, of the -Potsdam period, 
b~low Mendota, Wis. 

BRACHIQ;ropA.. 
GENUS LINGULEPIS, ·Hall. 

•1'1 

LINGULEPIS PINN.AFORMIS. 

Plate I. ·Figs. ;2'.and -3. 

Lingula antiqua- (Conrad) Hall; Pal. N.Y., ·Vol. I, p. 3. Pl. I, fig. 3 a-c. · 
Ling'ttla antiqua- Hall; Foster & Whitney's Rept. Lake Superior, p. 204. Pl. XXV, 

. fig. 2. . . . 
Lingula pinnaformis-Owen; Geol. Rept. Wis., Ia. and Minn.,· p. 583. Pl. I B, fig. 468. 
Lingula pinnaformis- Owen; Rept. Wis. Vol. I, p. 21, fig. 3, and ·p. 435~ 
Lingulepis pinnaformis-;-(Owen, sp.) Hall; 16th Rept. State Cab., p; 129. Pl. VI, figs 

·14 and 16, and 12, 13 and 15? . 1 . 

\ ' 
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Shell spatulate, prolonged and attenuate. in the upper part of the 
ventral-valve, rounded on the sides and in front; the carq~nal slopes, 
often slightly concave, surfae.e of the valve convex, appearing smooth 
but _showing fine concentric laminm of growth under a lens. Dorsal 
valve ·short-ovate, with a short, obtuse and slightly incurved beak. 
Surface as in the other valve. 

This is a very characteristic species of the lower beds, often occur­
ring in great numbers, and_ in a beautiful state of preservation. The 
extended beak of the ventral valve is a distinguis~ling feature. 

Fm·mation and locality. ln the lower part of the Potsdam formation, at St. Croix· 
Falls, and at various other localities in Wisconsin. 

GENUS _ORTHIS, Dalman. 

0RTHIS PEPINA. 

Plate I. Figs. 4 and 5. 

Orthis pepina- Hall; 16th Rept. State Cab., N. Y., p. 134. Pl. VI, figs. 23-27 .. 

Seen only as casts of the interior and impressions of the exterior. 
_Shell semielliptical to paraboloid, unequally biconvex in profile. 

Ventral _valve the largest, depressed convex, with a broad shallow sinus 
marldng the anterior half; beak pointed; cardinal area moderately 
large, flattened and overhanging, with a large triangular fissure. In­
ternal cast characterized by a strong proje~ting process on the cardi­
mi.l margin which has occupied the rostral cavity and muscular im­
pl:iiit, and which is marked in its lower portion by a pit representing 
the adductor muscular scar. Dorsal valve depressed convex, scarcely 
m'arked by a mesial fold; hinge-line straight; area obsolete. Interior 
marked in the cast by a pair of pits near the hinge; ·resulting 'from 
the removal of the crura, which were widely divergent. Surface of 
the shell marked by rather strong radiating strim, and by nume~ous 
concentric lines of growth. 

The species is probably not a true Orthis, as that genus is recog­
nized and represented in such fon~s as 0. hy'brida and 0. elegant~tla, 
btlt appears to have been- one of those representative forms which 
cOil)bine the featt1res of several genera or type-s of a genus in an in­
cipient degree, which, as they become developed more strongly in 
sn bseq nent species, present .features which are recognized as charac. 
ter.istic of. dist,iuct genera. T.he ventral valve of this form possesses 
all the.essehtial features of that valve of (h~THISINA, as illustrated in 
0. anomala, but the dorsal valve seems to have been entirely desti. 
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ti1te of tlie cardinal area, and to 'ha\re· possessed the'cardinal' process 
and hinge features afterwards shown in the genus STREPTOlUlYNmn:rs, 
as illustrated in S.fltite~ta IIall of the Silurian _and S. crenistria of 
of the Lo\ver Carboniferous ·formation. 

Fm·mation and locality. In brownish, friable sandstone of the Potsdam period, at 
Berlin, ·wisconsin. Prof. Hall recognized it at Reed's Landing, Lake Pepin; at .Min­
iska and at Osceola. 

GENus LEPT.LENA, Dalmltn~· .. :. 
'.: .. ·. 

I~EPT.AJ:NA BARABUENSIS. 

Plate I. Fi.gs. 6 and 7. 

Orthis Bambuensls- Winchell,· Am. Jour. Sci. and Arts, Vol. XXXVII, p. 229, 
1864. 

Leptama Barabuensis-Whifjield; An. Rept. Geol. Surv. for 1877, p. 60. 

Shell of medium size or smaller, mea.suring about half an inch or less 
·than half. an inch alorig the hinge-line; form semielliptical, longest 

on the hinge and more than half as wide again as long; extremities 
of the hinge often snbmucron~te; front of the valves rounded or 
slightly ernarginate in. the middle.. Ventral valve the .mos.t convex, 

and marked by a strong, angular mesial elevation, nearly one-fourth 
as wide on tl1e front of the valve, as the width of the shell; area 
moderately high and nearly in the plane of the valve; cardinal bor­
ders very gmdually sloping from the cent.e.r to the extremities of the 
cardinal line. Dorsal valve less convex than the opposite, and ·marked 
by a subangnlar mesial depression, corresponding to the fold of the 
opposite valve; area linear. Surface of the shell apparently smooth, 
or at least EO far as can be determined from either the internal casts 
or from the matrix. 

I had some donbt· regardi'ng the positive identity of this species· 
with that described by Prof. Winchell in eonseqnence of the follow:­
ing remarks which occur in his description: "Surface with sixteen. 
or eighteen ribs visible ·on the casts, the strongest of which limit the 
.mesial sinus;" and again," apparently of the type of Orthis biforata.". 
In examining a ni1mber of specimens, I had not bee~1 able to detect 
any stt·im or ribs, and felt somewhat inclined to regard it as a distinct 

I 

species from that one. I have, however, through the kindness of 
Prof. vV., been able to make a direct comparison ,-.;·ith one of hi~ 
original specimens, and should consider thern as identical. The 
specimen sent me has the mesial fold (of the ventral valve) rem·ark-· 
ably strongly defined by a depressed line on each margin, the center 
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appearing tumid, which I think is in part due to accident. The 
specimen corresponds closely with the ventral valve we have figured, 
except in the strongly defined mesial" fold ... 

The generic relation of the species is apparently much stron.ger 
with Leptmna than with Orthis, although it is possible it may not be 
a true Leptrona/ but in the conditions of the specimens it is impos­
sible to see wherein th~y differ. It differs from L. Melita, H. and 
W. Ge0l. Rept; 40th Parallel, Vol. IV, part 2, p. 208, Pl. I, figs. 13 
and 14, in wanting the striated. surface and in .being proportio~ally 
shorter on the hinge-line in comparison wit~ the length from beak 
to base. 

Formation and locality. In the upper layers of the Potsdam sandstone, near the 
l)Orth end of Devil's Lake, near Bar~boo, Wisconsin. · 

GENus· TRIPLESIA, Hall. 

TRIPLESI.A. PRIMOIWIALIS. 

Plate X. Figs. 1 and 2. 

T1·iplesia primordialis....:... Whitfield; An. Rep. Geol. Surv. Wis. for 1877, p. 51. 

Shell sma11, measuring less than half an inch in width; transversely 
oval in outline, and quite ventricose in profile; hinge-line straight 
and about half as long as the width of the shell below; area narrow. 
Ventral valve with a strongly depressed, rather narrow and rounded­
mesial.siuus. Dorsal valve with a narrow, sharply elevated fold not 
extending quite to the beak; sides of the valve rounded. Surface 
smooth in the casts, bnt presenting the appearance of having been 
externally striate. Processes in the interior of the dorsal valve ap­
parently forming a 'small spoon-shaped pit at the beak. 

There may be some little doubt as to the right generic reference of 
this species; the apparent spoon-shaped pit beneath the beak of the 
dorsal valve would seem to indicate a relation to the genus Oamerella 
Billings, but the external form is much more like that of Triplesia 
extans of the Trenton limestone, and the apparent pit m·ay have been 
misinterpreted in the only specimen observed. 

Formation and locality. In the Potsd~ sandstone at Roche a CJ;ig Bluff, Adams 
Co., Wisconsin. 



SPECIES FROni·THE POTSDAM SANDSTONE. 173 

GASTEROPODA. 

p .AL£ACM1E.A 'IRVING I. 

Plate I. Figs." 8 and 9. 

Palceacnuea lrvingi- Whifjiald; An. Rept. Geol. Surv. Wis. for 1877, ll· 51.. 

Shell rather large, depressed," conical, petaliform, about half as high · 
·as wide, a.nd the length slightly exceeding the width, giving a broadly 
oval or ovate outline to the margin; apical half of the shell rather 
more abruptly conical than the basal portion, the apex situated slightly 
in advance of the. middle of the length and laterally compressed; 
body of the 8hell marked by strong, concentric or encircling undu­
lating wrinkles or folds, and also by lines of growth. 

The species differ fro1i1 P. typica, H. and ·w., from the Potsdam 
sandstone of New York ·in its greater size, more circular form, com- ' 
pressed apex, and stronger undulations. The species appears to have 
been not uncommon, bnt ·as i"t occurs .in a hard quartzitic sandstone, 
it is not readily obtained in good condition, but appears mostly in the 
form of rings oi· parts of rings· on the surface of the rocks, ·and is 
c.onseq uen tly nof.easily recognized. 

Formation and locality. In the quartzite layera of the Potsdam group, in Jackson 
Co., Wisconsin.' 

0P.l'IILET.A (RAPHISTOM.A) PRil\fORDI.AUS. 

Plate I. Fig~. 10 and 11. 

Stmparollus (Ophileta) primordialis -·Winchell; Am. Jour. Sci. and Arts, Vol. 
XXXVII, p. 228, 1864. 

Comp. Ophileta complanata-Vanux. Geol. Rept., 3d dist. N.Y., 1842, p. 36, fig. 2; 
Pal. N.Y. Vol. I, p. 11, fig. 2. . . 

The following is the description of this shell given by Prof. Win-
chell, as above ci t~d: · 

"A planorboid shell, three-fou~ths of an inch in diameter, and 
having the apex of the spire depressed below the level of the outer 
whorl. The number of the whorls is probably about five, but only the 
last two are preserved in the best ·specimens. The tube enlarges very 
gradi.1ally, and is marked by a distinct carina just above the peripheral 
line, ahove and below which is a shallow groove." 



PALlEONTOLOGY. 

During the examination of the blocks of sandsto~e, at the· locality 
near Devil's Lake, I had an oppot·turlity of examining quite a uumber 
of specimens of this species, and I obtained several which show the 
entire upper surfi.1ce·of the shell. The greatest diameter is usually 
l)etween three-fourths of an inch and one inch, the fonn flattened 
planorbifurm or slightly ·Concave· on the upper surface, and the num­
ber of vulntions from three and a half to nearly five in the largest 
indiv~dual; volntions clos-ely coiled and very slightly increasing in 
diam"eter \vith increased age; the height of the volution is about. equal 
to the transverse diameter, or a little greater, leaving the umbilical 
depression very broad and shallow.. Surface of the volu tion, so far as; 
can be aseertained, flattened or but slightly convex; outer edge acute 
and the under side rapidly receding frqm the edge to the urpbilical · 
margin. 

The form of the shell, as seen on the upper surface, is tha~ of Stra­
paroll/us, but the lower side, as shown both by the matrix in the sand­
stone and on a s!llall example :figured, is seen· to have the form of that 
of Rap!Listoma as exemplified by Il. lent/icularis. The generaLform 
of the shell is so exactly similar to Ophileta complanatce, as figured 
hy Vanuxe:n, loc. cit., and as repeated in Vol. I, Pal.· N. Y ., that 
the :fignre above·cited would answer perfectly well for one of the Wis-

. c 
CC?nsin .shells; but as the under surface of the New York species is 
not yet known, it will be impossible to fully determine tl~eir positive 
~dentity without further evidence. Prof. Winchell speaks of a "dis­
tinct carina, just above the peripheral line, above and below which is 
a shallow groove," features which we have not ·observed. 

Formation and locality. In sandstone of the Potsdam formation; near Devil's Lake~ 
Wisconsin. · 

GEN-us HOLOPEA, Hall. 

HoLOPEA SWEETI; n. sp. 

Plate X. Fig. 3. 

Shell of moqerate s~ze, the largest specimen observed having a 
length _of one inch and an eighth, and a transverse diameter of the 
outer volution 7 of seven-eighths of an inch. VoluHons fonr in niim­
ber, rapidly increasing in size, very ventricose and rounded, with 

, dee.ply marked sutures; which present the appearance of having been 
channeled in the perfect _condition. Body volntion forming nearly 
Qne-half the length of the shell; aperature large, broadly su bovate or 
semilunate, widest be1ow the middle; the columellar lip being strai~bt· 
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and vertical in the upper part, bnt rounded into the basal margin be­
, low. Apical- angle sixty-five to seventy degrees. Surface smooth and 

the substance of the shell thin. 
The examples are all internal ca:sts and impressions, preserved in a 

very f1~ia1Jle brown sandstone; bnt are perfectly free from compres­
sion, and show the shell t~. have been very thin, and the axis rninnte­
ly perforate. The species differs from that described by Prof. A. 
Winchell as l)le1.t1·otomari~.~ ad·vena (Am. Jour. Sci. and Arts, Vol. 
XXXVII, March, 186:±, p. 228) in having strongly conve?C i.nstead of de­
pressed convex ~horls~ in its more rapidly increasing 'volutions, and 
in not having three of "nearly eq.ual height.". It will also be, noticed 
how nearly it resembles Sc.r.evogyra elevata, herein described from the 
Lower Magnesian limest611e; but they differ very materially in the· 
size and form of the umbilical opening, which in that species h~.s 

been rather large and open; while in this one it 1s only minutely per­
forate in the c~st, and may possibly in the perfect state have been en­
tirely· solid. 

Fot·mation and locality. In the Potsdam sandstone at Osceola Mills, Wis:, named· 
in honor of Mr. E. T. Sweet. 

PTEROPODA. 

GENus HYOLITHES, Barrande. 

HYOLITHES PRIMORDIALIS. 

Plate I. Fig. 12 .. 

Theca primord·ialis- Hall; Ann. Rept. Progress Geol. Surv. of Wis., 1861. p. 80. 
Theca primordialis - Hall; Geol. Rept. Wis., 1862, Vol. I, p. 21. 
Pugiwnculus primordialis- Ht;tll; 16th Rept. State Cab., p, 135. 
Tlteca prim01·dialis...,... Hall; 16th Rept. State~ Cab., p. 135. Pl. VI, figs. 30 and 31. 

Shell rather small, or of medium size, seldom exceeding .one inch 
in length, ~·egularly tapering throughout. Transverse section subtri­
angnlar or, ill; some individuals, nearly p~anoconvex, the width being 
nearly twice the thickness. Convex side, rounded or slightly angit• 
lar along the mi~dle; opposite side very depressed convex, the outer 
.margin semicircular and projecting beyond the aperture equal to one-
llalf .its width. Surfa~e marked by fine st_rire of growth, which is 

. directed nearly straight across the convex side, but on the flattened· 
· surface is parallel to the margin o~ the projection. 

The species is only repr_esented by casts of the interior and impres­
sions of the exterior surface; no remains of the shell having been de.: 
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tected, so that the surface. markings are not usually very perceptible; 
enonO'h remains, however,. .on some of the impressions, to show their.. 

b . 

character. 

Formati01t and .locality. In soft f.rih.ble sandstone of the Potsdam period, at Trem­
pealeau, Wisconsin. Prof. Hall mentions having obtained it from Trempealeau, the 
mouth of Black river, and on. the Chippewa, Wisponsin. 

GENus BELiJ~ROPHON, MountfQrt •. 

BELLEROPHON ANTIQuATus. 

Plate.J. Figs. 13 and 14: 

'!lellerophon antiquatus- Whitjie~~;. Ann. Rept. Geol. Surv. of Wis., for 1877, p. 52. 

Shell small, generally measuring not more .than five-sixteenths of 
an inch in its transverse diameter; globose in form, involutely and 
closely coiled, having but a very narrow aperture, the preceding volu­
tion projecting into and occupying the greater part of its area; auri­
culations rounded, not projecting beyond the general rotundity of the 
shell; axis probably imperforate in the perfect condition, but in the 
cast, in which state they all appear ~o far as .yet observed, it is seen to 
be minutely perforate, from the removal of the solid axis. Margin 
of the aperture characterized, by a broad, shallow sinus, angular at 
the center. No appearance of any re:flexion or thickening of the mar. 
gin cau be detected. Surface marking not satisfactorily determined. 
There are, however, on the best preserved individual, faint indications 
of regular transverse. lines parallel to the margin of the aperture, but 
owing to the friable nature of the sandstone, they cannot be positively 
determined. · ' 

So far as we know,.there has been no species of this type of the ge­
nus recognized in rocks of this horizon before, ~nd none with which 
it need be confounded. . 

Formation and locality. In soft friable sandstone of the Potsdam group, at Osceola 
Mills, Wisconsin, associated with other species of the same age. 
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VERMES. 

GENUS ARENICOLITES, Salter. 

Arenicolites-Sa.lter; Quart. Jour. Geol. Soc., London, 1856, Vol. ·13. 
Scolithus o£ authors, not of Haldeman. 

AREmooLITE~ W odor; n. sp. 

Plate II. :Figs. 1-3 . 

177 

. Certain layers of the sandstone o~ the Potsdam formation in the 
Devil's Lake regiQn, and near Baraboo, are abundantly marked by 
numbers of vertical and usually cylindrical perforations, of about a 
line or little ·more than a line in diameter, and varying in length from 
one to several inches. These perforations, when seen in vertical sec­
tions of the rock, are straight or variously bent, and although often 
seen interfering with each other in their course, do not bifurcate or 
branch. The walls of the tubes are usually smooth, but occasionally 
one inay be se~n presenting a corrugated ·appearance, as if from irreg­
ular anuulations. In examining the layers of sandstone, the perfora­
tions are commonly seen penetrating a certain layer in great numbers, 
up to a ce~·tain elevation, at which point they ~11 become ipterrupted; 
and the next layer above apparently destitute of any such feature. 
In selecting examples for cabinet specimens from among those near 
Devil's Lake, this feature was particularly noticeable. 

These vertical perforations have been generally referred to Seolithus 
linearw Hall (Pal. N.Y., v.ol. I, p. 2. Pl. I, fig. 1), which is a com­
mon fosrail i_n the Potsdam sandstone in Verniont, Massachusetts and 
Pennsylvania; .but these western forms differ from that one in several · 
particulars. The S. linearis is said to be from an eighth of an inch 
to half an inch in thickness, and often occurs of several feet in length, . 
and is general1y rigidly· vertical and parallel; while the surface is . 
said to be sometimes striated. These western specimens are seldom 
seen to occur <;>f evi:m an eighth of an in~h in diameter, and are gen-' 
erally less than one-tenth; they are, although normally vertical, never. 
theless commonly deflected at various angles near t4e surface of the . -
layers, ~nd not unfrequently run quite obliquely for considerable dis­
tance through the rock; and along the natqral surface of a layer are 
often horizontal for a short distance, or open obliqnely on such sur-
face. · 

There has long been much doubt as·to the true nature of Seolithus. 
VoL. IV.-12 . 
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The genus was at first supposed, by its author, to be of vegetable 
origin, and such appears to have been. the. impression entertained by 
Prof. Hall, when describing them in the· Pal. of N. Y., as above cited. 
The specimenA used in that description would also naturally lead one to 

·such a conclusion, as the'ir 'resemblance is· m~ch gre~ter to plant forms 
tha~ to the .borings of annelids, especially if the ·ass~rtion that they 
are occasionally found of several· feet in length is correct, and not a 
misapprehension; while these western forms are as distinctly the 
work of worm-lil{e animal~ as are those· -;:m ·any of our modern sea. 
beaches. Among the specimens from Wisco_nsin are so~e from 
Baraboo, collected by Mr. J. W. Wood, of that place, and for whom 
we have named the species, that clearly demonstrate this fact. 

The specimens above referred to, preserve on the blocks the natural 
snr.face of the layer, over which and in which the worms have crawled 
and burrowed; and on one large block the little hillocks, thrown up 
and formed about the opening of their burrows, are as perfectly pre­
served as if they had been recently made. In many cases the perfora­
tion is still to be seen, rising through the elevation, with its margins 
excavated into a funnel-shaped depression, as if. by the circular or 
wave-like motions of the animal while extend~d beyond the opening. 
Other blocks, which have been worn away or split horizontally just 
below the natural surface, show the tubes which have been excavated 
so near to others, previously filled, as to cut out a part of the same. 
area, so as to form a series of semilunate perf0rations, on the removal 
of the fillings by decomposition. 

·Taking into account the above considerations, I have preferred' to 
use the name .A.:renicol.ites for the specimens here described. 

Amm1g th~ specimens· collected and sent by Mr. Wood, is one of 
·peculiar form which he had supposed to be due to the decomposition 
of some vegetable substance. It is an impression in .the sandstone 

. formed by the removal of a rvot-like body, £rom £our to five inches 
across, and elevated in the middle about one and a half inches; com­
posed of a central prominence dividing up into numerous rootlets of 
varying thickness, from an eighth to more than one-fourth of an inch; 
and quite tortuous and rugose in character. The forlli of the object 
would indicate a plan~ of upright growth and of an order somewhat 
highe~ or more advanced than either Palmophycus or· Lycropl~ycus. 
The specimen is quite distinct and well marked, but of obscure nature, 
so it has not been thought nece~sary to incur the· expense of :figuring. 

, 
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CRUSTACEA. 

GENUS',_ QO N OOEPIIALITES; Zenl\er. 

CoNocm~nALITES cAL YMENOIDES. 

Plate III: Figs, 2-5. 

Conocephalites calymenoides- Whitfield; An. Rept. Ge,oL Surv, Wis. for 1877, p. 52 .. 

Species of less than medium size, the largest head noticed measnr-. 
ing scarcely three-eighths of an inch in length. The glabella and 
fixed ·cheeks; the only parts of the carapace po~it_ively identified, pre­
sent_ rnnch the general appearance of a species of Oalymene. Glabella 
proportionally sr~nall, not. exceeding half the. entire length of the head, 
conical in fort~ and obtusely pointed above, the width'across the base 
rather more than eq~1aliing half the length, separated from the fixed 
cheeks by deep, abrupt dorsatfuri'OWS~· .surface convex, pi·omincnt, and · 
destitute of glabellar furrows; frontal limb nearly twic.e as. wide be- ' 
tween thesuturclinesas the greatest width of the gl'abella, its surface 
elevated into a highly convex, transversely oval boss or tubercle, which 
is sepai·ated from the glabella by a wide, deep furrow; fixed cheeks 
highly and abruptly elevated, and·of proportionally large size; palpe­
bral lobes semilunate or crescentiform, and sjtuated opposite 'the upper 
end of the glabella; occipital furrow narrow, but deeply depi·essed; 
ring narrow, rounded and prominent. Facial suture nearly straight 
in fro"nt of ~he eye lobes, to the .. middle of the tuberosity of the frontal 
limb, around the front of which it seems to curve; behind the eye it 
is directed outward for nearly half the width of the lateral limb, where 
it changes abruptly, forming ari obtuse angle, and is then directed out­
ward and backward, with a slightl,r convex curvature to the posterior 
margin of the head, at a point distant from the dorsal furrow abont 
equal to the length of the glabella and occipital ring, forming large, . 
triangular postero7laterallimbs. . ' 

Thorax long and narrow, the length exceeding once and a half the ~ 

greatest width; regularly and gradually· narrowing from the occiput 
posteriorly, very highly arc!1ed transversely, ~nd strongly trilobed, con-. 
sisting of twentv-two or more articulations. Axial lobe formincr 

~ ,, b 

rather more than one-third of the entire width of the thorax, highly 
elevated, the curvature quite equaling a semicircle; laterai lobes nar­
row.er and deeper than the. axial, the sides nearly vertical; dorsal fur­
rows strongly marked; segments very short, the axial portion strongly 
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ronnd~d from front to .b~ck; pleura less strongly rounded than the 
axiaJ portion, the anterior element forming nearly one-half the width 
at the inner end, but decreasing outward; the furrow separating the 
two portions deep, and· extending more ·than half the length of the 
pleura; outer portion flattened on the articular s1irface, and rounded 
on the posterior. margin;. extremity rounded. Pygidium unknown. 

The tuberosity of the frontal limb, the large, elevated fixed cheeks, 
deep dorsal furrows and small si~e are pro.minent features, and wiU 
serve to distinguish it from any kriown species. 

The only individual preserving the thorax consists of an impression 
in soft, friable sandstone, from which a gutta percha cast was taken 
for the. purpose of figuring. The cast is seen to be imperfect on the. 
a~terior portion of the head, and does not preserve the pygidium. 
Twenty-two segments can easily be counted, with possibly one other. 
The .spec~es is remarkable for the narrow, elongated, deeply lobed 
thorax, and the prominent features of the head. 

Formationand locality. In sandstone. of the Potsdam formation (middle), asso­
ciated with Agraulos Woosteri, at Eau Claire, Wisconsin. . . 

CoNOCEPHA~ITES ~ QUADRATus; n. sp. 

Plate I. Figs. 15 and 16 • 

. Entire form of body unknown, the species being founded upon de­
tached portions of the head only. 

Glabella and fixed cheeks when united·, minute, quadrangular in· 
outline, the glabella forming but a small portion of the whole. The 
form of this latter. Bart is quadrangular· or very slightly tapering up­
ward, and squarely truncate at the summit, the length being ~bout 
once and a half as great as the greatest width, which is across the 
base. The surface is highly convex and destitute of glabella furrows, 
its ma:rgin abruptly limited by very deep and narrow dorsal furrows, 
"'hich are continued in equal depth .in front. · Fixed cheeks, large and, 
gently convex, their width being nearly once and a half that of the 
glabella, atid their surface even with that of the posterior half of the 
frontal limb ig1mediately in front of the ·glabella, marked on their 
1nargins by semicircular ocular sinuses of medium size. Anterior 
lialf of the frontal limb depressed, with· the outer margin recurving, 
forming a broad, concave channel on the anterior half of this portion 
o.f .the pl~te. Occipital ring very narrow,. prominent and rounded, the· 
groov4,3 narrow and deep, being a contim:iation of, and of similar char­
acter with the dorsal furrows bounding the glabella. The occipital 
fi1rrow· is· entirely obsolete on ·the glabella, the posterior portion· of: 
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tl1is m~mbe~ being continued backward in a long curved-spine, hav­
ing a length equal to that of the glabella itself. 

Movable cheeks short, but much ex_tended laterally, the entire lat­
eral lerigth of each: being nearly twice as great at the longitudinal 
diameter of the cheek along the line of the facial-suture. :Form of 
tb~ cheek short-falcate, the posterior angle being curved slightly 
back~vard from a point opposite the eye .lobe; anterior margin curved, 
with a constantly increasing curvature, from tll13 anterior ang~e to the 
posterior projection. Surface of the cheek gently convex, the outer 
border much thickened on tQ.e under side, leaving' a wide, deep groove 
on the cast, as seen in the rock. 
· There' are remains of thoracic segments and minute pygidia associ-

, ated in the rock with the parts de?cribed~ uut owing to their minute 
size, and the fact that they are associated with at least three other 
species of trilobites, I have deemed it most prudent to leave them un­
characterized. 

The species is of minute size, and is peculiar for the quadrangular 
glabella, deep dorsal furrows, wide fixed cheek, and the q uadrangnlat· 
form of the central parts of the head when together. The head shield·, 
when provided with the movable· cheeks· in place, would be se_veral 
times as wide as long, and this feature ·alone would serve as a guide 
in identification, .should it be found in a more entire condition than 
the specimens under consideration. 

Formation and locality. In yellow sandstone of the Potsdam group, at Eau Claire, 
and at Ettrick, Wisconsin. 

CoNoCEPH.A.LITES (PTYCHASPIS ~) EXPL.A.NATUS; n. sp. 

Pla.te I. Figs. 27 and 28.: 

Species known only by the glabella and fixed cheeks, and these in 
a somewhat fragmentary condition. The· form of these· parts, as seen 
united, is somewhat quadrangular, rather longer than wide, and with 
~ather prominent surface features. Theoglabella is elongate-q uadra?n­
gular, narrowest across the anterior third of.its leugth~ rounded ante­
riorly and widening posteriorly to the back of the occipital ring; its 
length, 'v,hen measured. from the occipital furrow, is equal to once 
and a half the smallest t.ransverse diarrieter; surface moderate~y con-. 
vex and marked by th_ree paii·s of transverse furrows, the middle 
on~ ·of which is a little· anterior to the middle of the length, deeply 
r~arked near. the· outet~ ends, and· .barely perceptible on the inner 
third of the length,_ . their . direct~ on bei_ng . slightly backw~rds to-

. , 
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ward the center. The posterior- pair is very oblique, equally weli 
marked, but narrower; and ~xtends e•ntirely across the glabella, but 
only faintly marked in the center. The anterior pair is short, more 
faintly marked, and situated about- one-fourth of the width of the 
glabella from the anterior end~ Fixed cheeks and frontal. limb pro­
portionally wide, the. anterior half of the latter bent upward, form­
ing considerable of an angle· with the flattened portion around the 
glabella. Palpeb1~allobes p-roportionally large and moderately prom­
inent; · oc_ular ridges very dis·tinctly ·marked, and very· oblique, aris­
ing from the posterior part of the anterior glabellar lobe, and passing 
to the anterior extremity of the eye lobe. Occipital ring flattened or 
very depressed convex ··on the surface, narrower than the glabella'r · 
lobes, and the furrows sha1~ow and only moderately well marked. 
Facial suture passing from the eye witl~ ·a strong outward curvature 
fo the anterior border, which it reaches nearly on a line with the eye; 
its course beh1nd the eye not determined. Surface apparently smooth. 
· In the form of the glabella, this species presents features corres­
ponding to those of the genus ].Jtyol~aspis Hall, but differs in the 
direction of the facial suture, and in the -form and ch_aracter of the 
eyes. It also somewhat resembles ·some specimens of Oonooephalites 
diaclematus H., but differs in wanting.the thickened anterior border 
of th'e head of that species, and in the great width of the fixed cheeks. 
Except for this latter feature; it would correspond very closely with 
IJ?:kellooephalus pepinensis as seen in the central part of Fig. 14, 
Plate X, of the 16th Rept. State Cab. N. Y.; but not with ~ny other 
specimen of that species among a large number in that same collection. 
The one referred to is the .only one showing the co'"nstriction in 
the width of the glabella, and we are strongly inclined to think it a 

different species from p. pepinensis Owen. • . 

Form{ttion and locality. In brown friable sandstone of the Potsdam period, at Hud­
son,' Wisconsin. . 

GENUS CREPICEPHALUS, Owen. 

0REPICEPHALUS ONUSTUS. 

Plate I. Figs. 22 and 23. 

Crepicepha.lus onustus- Whitfield; Ann. Rept. Geol. Surv. Wis. for 1877, p. 53. 

Gl~bella of moderate size,,high1y convex, broadly conical and nar­
rowly rounded at the summit, the width at the base equaling the 
height;exclusive of the occipital ring, which is short, less prominent 



SPECIES FROM THE POTSDA~i SANDSTONE. 183 

than the glabella; and somewhat narrower; fixed cheeks, narrow, 
rounded and prominent; palpebral lobes, small and in·conspicuous, 
situated opposite the middle of the· glab~lla; frontal limb moderat~ly 
long aud regularly rounded on the margin between the ·facial·sutures, 
the fro1!t margin·prominent ~nd.rounded; the space between it and. ·· 
the glabella deeply and regularly concave, and strongly arcuate later· 
ally; ocular ridges faintly marked; dorsal furrows nar.row, very deep 
and sharply marked; facial·suture directed gently outward in its 
course, from the eye-lobes to .tQe anterior marg1n of the head, but r~~ 
'curving nem· the edge, ahd.slightly rounding the antero-lateral angles 
of the. frontal limb; behind the eye it. is direeted outward. at an angle 
of about forty-five degrees, wi~h a slight sigmoidal cqrvature to the 
posterior .1~1argin of the head, forining a short triangular lateralll_m~; 

. posterior furrows narrow, a·nd directed slightly ·forward in ~heir pas­
sag~ from the dorsal furrow to the suture. Other parts of .the organ~ 
ism unknown. Length of the head,· half an inch; length of g~abella 
from the occipital fnrrow,.nine-sixteenths of an inch. . . 

.There seems to ·be an. almost endless variety of this group of Trilo­
bites preserved in the rocks of this period, differing principally in 
the combination of features as shown in the cephalic shield. The 
numerous species·are readily .recognized, howe~er, by the form of the 
fixed cheeks and glabellas, even where no othe.r part of the anim.al 
can be determined; ·and though it may appear incredible, entirely 
new forms are presentE)d ainong the specimens obtained from each 
individual locality. ·The above species differs from any of the o.thers 
described, in the short, conical form of the.glabolla, combined with 
the absence of glabella1: furrows, the prominent, narrow cheeks,· arid 
.long, concave frontal limb: In the short, conical form of the gla­
bella, it is ·peculiar· a1nong the Wisconsin species, and is more nearly 
allied to those from the far west, describ~d in the Geol. Rept. of the 
.40th parallel survey. The absence of glabellar furrows is a feature 
not usually seen in those from this region, but is common 'on 'those 
,from the Canadian provinces, and was probably the reason for refer­
ring so many of these forn1s to the genus Bathyurus, by the author 
of that genus. 

JTormation and Locality. In rather compact yellow sandstone of the Potsdam period, 
at Ettrick and Eau Claire, Wisconsin. · 
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CnEPICEPHALus~ GIBBsi; n. sp. 

Pl~te X. Figs. 12 and'l3. 

ConocephaUtes Gibbsi ~Whitfield; Wis. Geql. Rept., Vol. II, 1873-1877, p. 67. 

Species recognized only in movable cheeks arid pygidia which oc­
cur in great ntim bers in a coarse brown sandstone as casts left by th~ 
r~moval of the substance of the fossils. 
· The movable cheeks are of· moderate siz~, elongate triangular· in 

'form, depressed convex on the surface and rather oblique. Margin 
of the plate bordered by a rather wide, rounded, thickened rim, which 
increases in width posteriorly, and terminates in a thickened, slightly 
compressed spine of a length about equal to that of the cheek from the 
anterior margin to the origin of the spine. Inner area of the cheek 
distinctly COil vex and separated. from the margin by a well defined 
sinus, and from the occipital ring by a deeper furrow. Ocular sinus 
rather small anJ surrounded by a slightly depresse~ furrow. 
· . Pygidium proportionally large, transversly .elliptical in forp1 with 
snbacnt~ lateral extremities; posterior margin almost regularly round­
ed, and nearly twice as abruptly curved as the ant~rior border; plate 
strongly trilobed, the axial lobe forming considerably ·more tha~ one­
third of the entire width of the plate, somewhat. strongly convex, and 
terminating a little within the posterior margin in a broad, obtusely 
roun~ed extremity, and marked by four strongly elevated rings ex-

. elusive of the terminal lobe. ~ateral lobes marked by only three 
visible ribs, which are faintly developed. 

In the general form of the cheek this. sp·ecies most nearly resem­
bles 0. ( Loganellus) centr·alis Whi.tf., from the Potsdam sandstone 
of. the Black I-Iills of .Dakota (see Prelim. Rept. on the Pal. Black 
Hills, 1877, p. 10, and Pl. II, final Rept., fig. 24); it is, however, very 
much wider from the ocular sinus to the thickened margin~ and aiso 
more oblique. It also resembles that of 0. ( Loganell~ts) simulatfYi' 
H. and W., Pal. Rept. 40th Parallel Surv., p. 218, Pl. II, figs. 16-18; 
but differs in the less curved or arcuate outer border; more distinctly 
rounded and wider :marginal rim; smaller ocular sinus, and in the 
well ;marked groove surrounding the eye. The pygidium differs from 
any known form in the great proportional·width of the axial lobe. 

Formation and locality. In coarse brown and friable sandstone o£ the Potsdam group 
at Berlin, Green Lake countyl Wisconsin. · 
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GENUS PTYCHASPIS, Hall. 

· PTYCHASPIS GRANULOSA. 

' Plate I. Fig. 24. 

Dikellocephalus granulosus- Owen; U.S. Geol. Surv. Wiscon. Iowa and Minnesota, 
p. 575. Pl. I. Fig. 7. . 

Not Ptychaspis granulosa-Hall; 16th Report State Cab. N. Y., p. 173. Pl. VI, 
· figs. 33-40. 

Glabella elongated, cylindrical or very slightly narrowing anterior-· 
ly, highly convex and divided transversly by three. pairs of furrows, 
the two post~rior ones being strongly marked and uniting in the mid­
dle, and directed forward at the outer extremities;. the anterior pair 
being very short and faintly marked. Anterior extremity of the 
glabella rounded;. dorsal furrows deep and well marked. Fixed 
cheeks, broad at the eye and widening behind, but in front of the eye 
are narr<?wed and rounded to the anterior margin of the head. Eye' 
lobes small and situ~ted opposite the extremity of the middle glabella· 
furrow; In front of the eye-lobes and glabella the fixed-cheeks and·· 
frontai:limb are stl~ongly curved, downward to the anterior· margin; 
the frontal-limbs being of medium width, but appearing narrow from 
fore-shortening, as seen in a vertical view. 

Surface of the fixed cheeks and glabella covered with ,coarse eleva-· 
ted and transversly elongated pustules or granules, of proportionally~ 
large. size, arranged in indistinct rows on the fixed cheeks, while on· 
the glabella they are less regular and. not so prominent. 

This species is peculiar, ·~mong the Wisconsin forms, for its pustu­
lose surface. rhe specimens i!1 hand are all fragmentary, that fig-' 
ured being among the most perfect, but lacking the occipital ring and 
back portion of the fixed cheeks. The movable cheeks associated with­
the glabellas are also quite imperfect, but show· the pustulose char­
acter very distinctly, and corresponding very well with those described 
and figured .by Dr. Owen as above cited; but differing very materi::tllyr 
from those indentified with that species by Prof. Hall, in having the· 
surface st~ongly pustnlose instead of lined or striated. I therefore,: 
propose to recognize that species under the name ·Ptychaspis str.iata; 
from its striated surface features. 

Locality. HudBon, Wisconsin. 
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. PTYCHASPIS STRIATA; n. sp. 

Ptyclzaspis . granulosa- Hall; 16tli Rept. State Cab. N.Y. p. 173. Pl. 
. · VI, figs. 33-40. 

Not Dikellocephalus g1·rmulosus- Owen. 

· Differs from Ptychaspis granu~osa· Owen sp. in having the· sur~ 
fac~ of the head strongly st~iated or m~rked with elevated ridges, 
which are more or less parallel to the margin. 

PTYCH.A.SPSIS MINUTA.. 

Plate I. Figs. 25 and 26. 

Ptychaspsis minuta - Whitfield,· An. Rept. Geol. Surv. Wis. for 1877, p. 55. · 

A minute species, known only from detached portions of _the head, 
~he length of .which, as seen ou the largest individuals observed, 
acarcely exceed_s one-sixth of an inch, and mostly not more· than an 
~ighth of an inch from the anterior margin to. the back of the oc­
cipital ring. 
: _Glabella cylindrical, rounded and projecting in front, divided trans­
versely by tw~ pairs of deeply marked, obl~que glabellar furrows, 
neither of which extend ·entirely .across, and by a very faint third 
pair sttuated near the anterior end; occipital furrow also deep, the 
r;ing narrow and elevated. Fixed cheeks convex, more than half the 
width of the glabella and palpebral lobe, widening behind and nar­
rowed in front. Frontal limb narrow and abruptly curved downward 
in front of the glabella, so as to be scarcely seen in a vertical view; 
dors;;tl ·fun·ow deeply marked. Eye-lobes proportionally long, but 
very narrow and but slightly elevated. 
. Movable cl;teeks elongate-triangular, convex on the surface, ·extended 

backwards at the genal angles in~o short obtuse spines; ocular sinut;; 
of moderate size. Surface co~rsely striated near the margin parallel 
~the border. Thorax and pygidium unknown. . 

The small ~ize of the species, with its deeply-lobed glabella and 
~bruptly declining frontal limb in connection with its chara~teristic 
form,'will readily distinguish the sp_ecies. 

Formation and locality. Tn soft, very friable, greenish-brown sandstone of the Pots­
dam formation, at Roberts' Store, St. Croix Co., Wisconsin. 



0 

SPECIES FROM THE POTSDAM· SANDSTONE. 187 

DrKEr .... r ... ocEPH.ALus MINNESOTENSIS. 

Plate III. J!;ig. 1. 

Dik~ellocephalus llfinnesotensis- Owen; Geol. Rept., Wis., Ia. and Minn., p. 574 .. 
Tab. 1, figs. 1, 2, 10; and Tab. 1, A, figs. 3 and 6. 

Dil.:ellocephalus Minnesotens·is- (Owen) Hall; 16th Rept., State Cab., p.l38. ~1. IX, 
. figs. 5-10. Pl. X; and PL XI, figs. 1, 3 and 6. . 

Dikelloceplzalus Minnesotensis- of Authors. 

Entire form of body unknown, ·being represented usually by de­
tached portions of the head, separated thoracic segments, and by py-
gidia. , 

The head is broadly semi-elliptical, or semi-circular in form, with 
the posterior extremities of the cheeks ,projecting backward in the 
form of broad, flattened spines. 

Glabella depressed convex, as long or longer than wide, from the 
occipital furrow to the anterior extremity; sides parallel, front rounded, 
surface marked by two pairs of glabellar furrows, the posterior of 
which extends entirely across, and is strongly bent backward in the 
middle; the anterior furrows extend only about one-third of the width 
from the dorsal furrow. Occipital furrow narro.w, but w~ll defined; 
and the ring broad and· depressed con vex, or often· flattened. Fixed 
cheekil, rather narrow in front and behind the eyes. Frontal.linib 
long and spreading, its surface generally flattened. Palpebral lobes ' 
large, apd strongly grooved just within the margin. ·Postero-lateral 
limbs very long, but narrow, their lateral extent nearly equaling the 
width of the glabella, and the surface deeply grooved. 

Movable cheeks large, but sligh.tly convex, and triangular in out­
line; marked at their inner angle by a large ocular sinus; o'uter mar­
gin slightly thickened, and the intermediate surface co~cavo-convex; 
genal angles produced in the form ~f flatt~ned spines. " 

Facial suture cutting the anterior· border of the head nearly on a 
line with the outer portion of the eye, and- is di1~ected thence.inward'­
ly, with a light conyex curvature to the fro'nt of the eye, behind 
which it turns abruptly outward, and runs-parallei with the ·posterior 
margin of the head for ~bout h::~.lf the width of the· movable cheek, 
where it is deflected backward. 

Thoracic segments short and milch flattened;. the axial lobe is nar­
row, and the lateral lobes greatly extended, with the f1:ee extremities· 
directed backward. The surface of the pleura is marked by a narrow 
but rather deep furrow extending nearly to the extl~emity, rising from 
near the front margin at the inner end, it ·passes rapidly backward for 
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a short distance to behind the middle of the width, which position it 
retains for the remainder of its length. · 

Pygidium proportionallylarge and broad; once and a half, or more 
than once and a half as "~ide as long, with the axis narrow; very prom­
inent, and extending ·about two-thirds of the length of ·the plate, 
marked by four distinct but flattened rings, exclusive of the terminal 

·ones. Lateral lobes very broad, rounded on the anterior and posterior 
tnargins, and characterized by a short, flattew:id, triangular spine at each 
postero-lateral angle. The surface is marked by four double ribs on each 
side, exclusive of the anterior one.; one division of each being wide at 
.the inner·· end, and the other narrow, respectively; but becoming of 
nearly equal width in their outer extension. The surface of the shield 
is· concav.o-convex between the doisal furrow arid the o'uter margin, 
when preserved in its natural for~n, but is generally :flattened, as seen 
on the surface of' the layers of rock, owing to compresE!ion. . 

The species attains· a very large size, some of the pygidia measur · . 
.ing nearly five 'inches in width. It appears to be· characteristic of a 
certain horizon near the upper part of the Potsdam group, and con­
·sequently serves as an excellent g"uide in determining horizons, where 
found. 

Formation and locality. In the upperpart of the Potsdam group (Mendota beds), 
near MadiSon, at Mazomanie, and elsewhere in Wisconsin. It also occurs in Minneso­
ta and Iowa at the same horizon. 

DnrnLLOCEPH.AL us LonENsrs; n. sp. 

Plate X. Fig. 14. 

Several specimens of a pustulose cheek of a species of JJikellocepk­
alus. have been obtained from the Mendota beds at Lodi, by Mr. _H. 
W. Eaton, which entirely differs from any hitherto noticed sp'ecies; 
and which, from its marked peculiarity, will be readily recognized, 

.should·it be obtained at other localities. The form is much like those 
associated with, and usually referred to, JJ._pepinensis Owen, from 
the same horizon, but differs in its ·narrower border, shorter spine, 
.somewhat larger ocular sinus, but most notic~ably in the surface 
structure, which is strongly pustulos·e over the entire area within the 
.thick~ned margi~al rim, the pustules being largest and most regu­
larly arranged near the ocular sin us, and decreasing in size toward the 
outer edge of the cheek. The occipital furrow across the cheek has 
.been strong and deep. 

The ~pecies resembles in its surface features the cheek of Ptychaspis 
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·g1•anulos1.t8, Owen's' sp., but differs in its· more erect form, much 
.larger. ocular sinus, na_rrower, .thickened margin, and more slender 
posterior spine, and may ,be readily distinguished by· these features. 
No other parts of the organism have yet been discovered, but from 
the occtJrrence of several movable .cheeks among the collectio.ns ob­
tained during a single short visit to the locality, there can be no doubt 
that t_he species will prove an abundant one in fnr.ther collections, and 
from ~ts peculiar features, will be readily identified. 

'. 
GENU:S · AGRAULOS; Corda. 

AGRAULOS (BATHYURus~) W:ooSTERI. 

Plate I. Figs. 19-21. 

Agraulos (Bathyurtts?) Woosteri-Whiif. An. Rept. Geol. Surv. Wis. for l877, p. 56. 

Head and moveable cheeks, when united, semicircular or short-para­
boloid ~n .form, rather strongly convex, and bordered by a narrow, 
rounded and elevated rim, which is wider in front than on the sides; 
genal angles ·obtusely rounded and destitute of spines, glabella :round­
conical in outline, prominent an·d convex, two~thirds as w.ide at the 
base as the length, including the occipital ring, the surface smooth 
::1rid destitute of transverse furrows. ' Dorsal furrows faintly marked·, 
.occipital furrows not strongly marked. Fixed cheeks less than half 
as wide at t~1e eye as the middle of the glabella, frontal limb, from 
the glabella to the anterior margin of the· head, half as long as the 
glabella and occipital ring, and rapidly sloping f1·om the glabella to 
the. marginal rim,. Eyes prominent, pToportionally large, reniform 
·and the visual surface strongly convex. Facial suture strongly diverg­
ing from the eyes to the anterior marginal rim, through which it 
passes with a strong inward curvature to the front; the width of the 
frontal limb being equal to the entire length of the head. Behin·d 
·the eye the snture passes bacln\rard and outward to the posterior mar'" 
gin at an angle of not more than fifteen to twenty degrees with the 
vertical axis of the head. 
·. Thoracic segments not ftilly determined, but those associated·on 
·the sar~e sandstones .with the ·glabellas, cheeks and pygidirn, are nar~ 
row, in an anlero-posterior direction, and ·have long, slender and 
pointed pleura. . · 

Pygidinm paraboloid on the outer margin, the ant~rior margin form­
ing from three to four times as flat a curve as the posterior margin .. 

· Axis highly convex, two-thirds as long. as the shield and not more 
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than one-fourth as wide at its greatest width, marked by four trans-· 
verse rings excl nsive of the terminal ones; lateral lobes convex, des·, 
titnte of any thickened border, ·marked by three furrows on ea~h side 
exclnsi~e of the anterior one; ribs simple, and nearly reaching to the 
border. Marginal selvage of the under surface wide and much thick­
ene~. 

I know of no species sufficiently resembling this one to be readily 
confounded with it. · 

'Formation and locality. In yellow sandstone of the Potsdam period (middle), at 
Ettrick and Eau Claire, Wisconsin. 

ARIONELLUS CONVEXUS. 

Plate I. Fig. 17. 

4.rionellus (Agraulos) cont'exus- Whit f. An. Rept. Geol. Surv. Wis., for 1877,· p. 57. 

Glabella and fixed cheeks when united, strongly convex, and some­
~hat parabqloid in form, length and width nearly eqnai; anterior 
m~rgin of the head, between the suture lines, regularly and somewhat 
sharply at'cuate; palpebral lobes' st11all, not very prominent, ·si~uated 
poster_ior to the middle of the head. Glabella rathe~ less than two­
thirds of the entire length of the shield, round-conical in form, and 
somewhat abrriptly tapering, scarcely defined at the margins by the 
dorsal furrows, and apparently vety ·indistinctly marked by three· 
pairs of oblique furr~ws; occipital ring narrower than the base of the 
glabella, and more pro.minent, and also extending beyond the pqste.­
rior limits of the fixed cheeks; occipital furrow very shallow and 
faintly marked, the ring short in the middle, and reduced to its min-· 
imum width at its jtinction with the dorsal furrows. Fixed. cheeks 
ha,lf as 'wide as the glabella; frontal limb as long in the middle as the 
width of the fixed _cheek, and slightly increasing toward the lateral 
angles. Facial suture passing nearly direct from the eye to the ante:­
rior margin of the head, its course posterior to the eye not determined. 

The largest example of the glabella and fixed cheeks observed 
measures about three-fourths of an inch in length by nearly seven­
·eighths of ~n inch in width at the base. No other parts of the organ-
ism have been observed. · 

Formation and locality •. In brown sandstone of t~e Potsdam formation, at Ironton, 
Sauk Co., Wisconsin. 
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: GENUS ELL IPSO CEPHAL US,. Zenker. 

ELLIPSOCEPHAL US CURT US. 

Plate I. Fig. 18~ 

ElUps~cephalus curtus- Whiff.; 1\.n. Rept. Geol. Surv. Wis., for 1877. p. 58. 

The species is known· only by several detached portions of the 
cephalic shield, which occur in sandstone associated with OrtlpiB pe­
pina, Ptyclwspis miniscaensis, and fragments of other trilobites 
crowded together, rendering it impossible to satisfactol'ily determine 
portions of other parts of the organism. The fragmei1ts observed con­
sist of the glabella and fixed cheeks, which, when ui1ited, at:e .sub-semi­
circular in form; the glabella is but slightly elevated, once and a half 
as long as wide, meas.nring from the back of the occipital ring, and 
somevvhat quadrangular in.shape; the front being almost regularly 
rounded, the side.s parallel and the width slightly less across. the mid­
dle than in front; a very slight angularity e_xi~ts along the middle, and 
a single furrow crosses it near the base, distinct in the middle but be· 
comiBg obsolete befor'E~ r~aching the sides.-'h· Frontal limb very short . 
in th~ middle, gradually and rapidly widening laterally. Fixed che~ks. 
wide, but little less at the palpebral lobes than the width of the gla­
bella, but rapidly contracting behind to about two-thirds of that. 
width; their general surface flattened or somewhat depressed between 
the eye and the glabella. Occipital r.ing narrow; posterior cheek fur~. 
r'ow very narrow. Dorsal furrow not impressed below the general level 
of the fixed check. Facial suture curved ~nward in front of the eye: 
to the anterior border, and behind directed outward nearly at right 
angles to the. axis, to a distance equal to one-third the width of the. 
cheek, and then abruptly deflected to th~ posterior border of the head. 
I~alpebral lobes proportionally large,. simple in 'its structure, elevated 
on the margin and semi-lunate in form, situated very near to the pos­
teriOI· margin of the head. 

The specie's closely resembles E. lf~jft, Schlot., from the Primordial 
rocks of Europe, but differs in having the glabella less angular; irr its 
being rounded instead of obtusely angular i~ frorit, and in the wider. 
fixed cheeks. In its general featu_res, however, it is very similar. 

Fm·mation and locality. In friable, brown sandstone of the Potsd.:tm period, at 
Hudson, Wisconsin. 

*It is possible this may be the occipital furrow, as the ring is imperfect in all the 
specimens, but this. being placet! in advance of the furrow of the fixed cheek, has 'been. 
considered· as a glabellar furrow. . 
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GENus AG LASPIS, Han. 

AGLA~Prs EAToNr;. n. sp. 

Plate X. Fig., 11. 

·Body small and longitudinally oval in form, the length being equal 
to once· and a half. the width, which is at nearly the middle of the 
length. Surface moderately convex and distinctly longitudinally tri- j 

· lobed.· Cephalic shield semicircular, about half as long as wide, 
rounded on the~ margin, and possibly slightly emarginate· or notched 
in the middle of the anterior border, having the genal angles slightly 
produced,- forming obtuse points. Surface of the plate trilobe.d, the· 
central portion (glabella?) narrow, nearly two-thirds as long as the 
vlate, conical in form, and obscurely marked by t~ansverse furrows. 

·Occipital furrow distinct, both on the central lobe and across the base 
of the ch~ek or lateral portion, to near the margin, where it passes 
into an obscure submarginal furrow, leaving the central portions of 
the cheek prominently convex. Eyes prominent, elongate elliptical' 
in £orm, situated within the anterior half of the l~ngth of the shield, 
aud at a distance equal to about their own length from each other, 
their anterio~ ends directed slightly inward, giving them an oblique 
direction to the axis. 

Thorax· distinctly but not prominently trilobed, but with obscure 
dorsal furrows, and consisting of eight segments or articulations. 
Axial lobe fully one. third of the entire \Vidth, the greatest width 
being at the third segment; the form is slightly narrowed anteriorly, 
and gradually cont1;acting behind to the pygidial plate. Segments 
arching forward on the axial lobe and distinctly backward in their 
course across the lateral lobes, the deflection increasing posteriorly to 
the last one, which is abruptly arched or bent. General surface of 
the segments flattened, with the middle slightly depressed, forming a 
broad furrow, which extends nearly to the extremity and embraces 
almost the entire width of the ·segment, leaving the anterior margin 
sharply raised, and the posterior border rounded. Extremities of the· 
free pleura wider than their in~er ends, rounded on the front side, and· 
slightly mucronate on the posterior edge, the extremity being directed . 
slightly backward. The rounded posterior margin of the thoracic seg: 
1nents and the occipital margin of the cephalic shield· are marked by 
a series of minute pointed nodes, numbering from eight to ten on the 
axial lobe, and about an equal number on each of the lateral portions 
of the principal segment. · 
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'Pygidial plate small, apparentlytriangular, and terminating in a 
slender triangular spine, of a length more than equaling half that of 
the thorax; and is apparently grooved on its under surface. Surface 
of the crust of the body tn.innt,ely gr~nnlose. 

This species differs from A. Barrandi· Hall, as represented by the 
original specimens, in its minute size; that one attaining a transverse 
diameter of two and three-fourth inches across the base of the head·, 
while this one is scarcely' more than half an inch. It also differs in 
the greater proportiqnal length of the cephalic shield, and the more 
distinct glabella -like central portion, and more distant eye-tubercles. 
The thoracic segments differ in being distinctly furroweod or chan­
neled, and in the presence of t~e lines of nodes along their posterior 
borders. and on that of the cephalic shield; which feature would na,t- · 
urally be one of adult age, rather than of· a· young stage of growth. 
With the other parts of the body of A. Barrandi, there is yet no 
means of comparing it, other than that furnished by the few frag­
ments o£ that species originally figure~, loc. cit.; but there is evidence 
in one of them, that at least some of the thoracic segments were con-. 
tinned at their· extremities into long, recurving points (see 16th H.ept .. 
State Cab., Pl. II, fig. 14), which is not the case in this species. It 1 

might possibly be considered as the youug of that species, were it not ' 
for its perfection of. features, and the evidence of adult characters in 
its ornamentation, wl~ich, with the difference in structure and the 
proportion of parts, would tend to show its specific difference. This 
species would seem to be som·ewhat more closely related to the true 
Trilobites than A.l)arrandi was at first supposed to be judging from 
remarks made by the anthor of the genns. The di.stinctly trilobed 
character of the thorax; and the glabellar-like central lobe of the ' 
head, with its transverse furrows, are stroug trilubitic characters. No > 

evidence, ·however, of facial· sutures can be detected on the superior 
surface of the head, nor any lobation of the pygidial plate. 

Formation and locality. In the upper part of the Potsdam group (Mendota beds) a~ 
Lodi, Wisconsin. The species is named in honor of ·ita discoverer, Mr. Harlow W. 
Eaton, late of Lodi, Wis. 

VoL. IV.-13 
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SPECIES FROM THE LOWER MAGNESIAN LIMESTON~~S . 

.'.The following· group of species (except Euomphalus St7·ong~') is of 
p~culiar interest, as ·corning from a bed of· Lower Magnesian lime- · 
stpne occurring within the area occupied by the ·Huronian quartzites 
of the Devil~s Lake region, at a quarry owned by Mr. Eikie, about 
seyen miles east of Baraboo . 

. The bed in which they occur is underlain by a sandstone of the 
P.otsdam period, containing an abundance of .Arenicolites borings~ ap­
parently of the same age, and probably of nearly the same horizon, as 
the sandstone a few m.iles distant, nearer the lake, from which the 
fo_ssils described by Prof. A. Winchell in the A!n. Jour. Sci. and. 
Arts, March, 1864, ·were obtained. The outcrop rests within the curve 
oi a· quartzite hill, near the eastern end of the range, and at a le~el 
c~nsiderably below that of the top .of the quartzites; while at a short 
distance to the N. E. there is an outcrop of sandstone, at a considera­
ble higher level than the·se magnesian beds. If this outcrop, referred 
to., i~ of the same age as those' near the base of the hill underlying the 
m,agnesian beds, it would seem to· indicate that the elevation of the 
sandstone as well as of the quartzite, had taken place prior to, and 
w~s perhaps still in progress ·during the deposition of the magnesian 
beds, and th~t considerable degradation had t~i\:en place over the ~rea 
oqcu pi~4. by these beds ·befo~e they were depos'ited. . 
· ~he fo~sils are all new, except the Leptwna, of whieh there was but 

· one specimen ·obtained, an.d are of peculiar types. Some of ~he Tri­
lobites a1~e similar to those de~cribed by Mr. Billings, Pal. Foss. Can. 
V?L I, p. 409, under the generic name of Bathyurus, but are of differ­
ent species, and ·are, we think, clearly referable to the genus JJikello­
cephalus, rather than to Bathyur?.ls, as exemplified by the type of the 
genus, B. extans, liall's sp. The occurrence of a species of the genus 
lllwnurus shows the intimate relations which existed between the 
fauna of this and of the preceding Potsdam period of the neighbor­
ing counties. The existen.ce of several species of .111 etoptorna of peen­
liar character, and also of the new and remarkable genus Scwvogyra, 
adds a yery marked featur.e, ~nd gives a peculiar interest to the fauna 
ot this very limited deposit. The rath~r remarkable·fact that all the 
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spiral. shells found at this locality are sinistrally coiled, and that two 
at least of the capuloid forms show a tendency toward a backward 
cnrving at the apex, is a somewhat remarkable feature, and 
makes it particularly· desirable that these beds should b~ more 
thoroughly explored. Beyond the species here described, a 'single 
specimen of a rather peculiar species of Stromatopora was found 
loose, near the top of the quarry; but showing marks of abrasion to 
such an extent as to suggest that it might have been derived from 
some other locality; although the lithological features would indi· 
cate. it as belonging here. Still, with this uncertainty, we have not 
considered it safe to refer· it to this horizon, although of an :nnd~· 
scribed species. 

BRACHIOPODA. 

GENQS LEPT.LEN A, Dalman. 

LEl'T.LENA BARABUENSIS. 

Plate III. Fig. 6. 

For citations and description of the species, see the s'ame under the· Potsdam sand· 
stone, p. 171. 

A single specimen of a ventral valve only was obtained. The shell 
is half as wide again as high, with a narrow, linear, nearly straight 
hinge line and area, not quite as long as the shell below, in the speci~ 
men; the extremities being rounded, and 'forming, with the front line,. 
nearly two-thirds of an oval figure. Surface of the valve convex, 

. with a distinct median sulcus, somewhat angular in the bottom and · 
passing from beak to base. The surface also gives indications of 
having been marked by faint radiating strire. 

The specimen under consideration differs from those obtained from 
the sandstones below, in ·being less angular in the sinus, and less ex­
tended along the hinge line; but ·these difi'erences are not S\lfficiently 
marked to be ·considered of specific importance, when seen only on a 
single individual valve. , 

GASTEROPODA. 

METOPTOMA BARABUENSIS. 

Plate III. Figs. 16 and 17. 

Metoptoma Bambuensis- Whiif.; Ann. Rept. Geol.' Stirv. Wis. for 18777 p. 60 • 

. Shell, rather large, ovate in general outline on 'the margin; apex. 
. highly elevated, pointed and directed forward, even beyond .the limits 
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of the anterior. margin. of the aperture, attenuate 'n the upper part7 

and on one specimen, having the appearance of being slightly re- : 
curved. at the tip; elevat.ion of the apex equ~l to or ,greater than half ; 
the length of the shell, measured along the base. Anterior slope ver- i 

tica1, slightly concave or somewhat overhanging; sometimes w~th a . 
slight angularity along the median line from the apex to the margin; 
lateral slope slightly convex; posterior slope most strongly rounded. 
Surface of the shell marked py concentric lines of growth, and on the 
posterior and lateral slopes, very faint indicati~ns.of fine radiating 
lines are observable. 

This. species is most nearly related to M. nycteis Bill. (Pal. Foss. 
Canada, Vol. I, p. 31, fig. 39) than to any other describe? species, but 
difi'ers materially in the more erect form and greater elevation of 
the apex. , 

]\fETOPTOMA RECURVA. 

Plate III. Figs. 14 and 15. 

Metoptoma recurva -.:..Whitf.; Ann. Rep. Geol. Surv. Wis. for 1877, p. 61. 

Shell -rather large, ovate in general outline; apex highly elevated, 
with a strongly backward curvature throughout its length; anterior 
slope very abrupt and slightly convex, subangular along the median 
lirie from beak to base; posterior slope broadly concave, and the lat­
eral slopes nearly direct. Apical portion of the shell unknown, the 
specimen being imperfect in this part. In the earlier stages of 
growth, the shell has been very moderately expanding u.t the margin, 
but increased rapidly in height; and afterwards became .. more rapidly .. 
expanding, especially around the posterior margin, giving a long, con­
cave posterior slope, broadly curved, and almost :fiattene~ near the. 
posterior margin, while the anterior portion retains its vertical char­
acter. Surface marked by 'c-oncentric lines of growth, strongest when 
crossing the angularity of the anterior end; also by faint evidences of 
obscure· radiating lines. 

This species differs from all others described, and. is peculiar ·for , 
the strong recurving apical portion, the convex anterior slope and 
broadly concave posterior slope. 

METOPTOMA SIMILIS. 

· Plate III. Figs. 12 and 13 •. · 

Metoptoma similis -Whitf.; Ann. Revt. Geol. Surv. Wis. for 1877, p. 61. 

Shell of mediu_m size or smaller, elongate-ova~ or slightly elliptical 
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·in outline; tw~-thirds ~s wide as lo~g, depressed-~onvex on the top, 
the umbel slightly elevated and the beak depressed almost to the level 
of the anterior basal margin; greatest convexity at the anterior third 
of the length, and not. exc·eeding one-half of the width of the shell. 
Anterior end very short, angular along the median line, and the slope 
concave; apex and anterior half of the dorsal slope angular or sn bcar­
.inate in the middle, becomi'ng more regularly rounded posteriorly; 

~ antero-lateral slopes slightly concave. Surface unknown. · 
: Tbe form .of the shell being symm~trical, it consequently resembles 
: in its general features many other species of the genus, still we know 
, of non~ from near this horizon combining the same characters. 

-METOPTOMA RETRORSA.; n. · sp. 

Plate III. Fig. 18. 

Shell above a medium size, and highly elevated, the basal margin 
. or aperature is very broadly ovate in outline, being longer than wide, 

the relative diameters are as eleven to thirteen, and the greatest trans­
verse dia.rneter at about one-third of the length from the anterior 
margin. Apex highly elevated and somewhat attenuate above, pro-

. jecting beyond or overhanging the anterior margin of the aperture, 
and the npper part laterally compressed and re:flexed or curved back­

. wards, as in the Cretaceous genhs Anisomyon Meek. Anterior slope 
;, of the shell concave below the re:flexed portion, lateral slopes slight.ly 

convex, and the posterior slope more strongly convex, the back in 
the upper half of the length obtusely angular. Surface marked only 
by concentric lines of growth. · 

The specime·n is mostly an internal cast, and there are some indi­
. cations of muscular impressions on the left side figured, which un-

" fort'tmately were not observed until the figures were in the. hands 
of the lithographer; they are, however, too indistinct for positive de­
termination. There is one elongated or elliptical area of consider.ablc 
size, apparent about the niiddle ·of the length on the left side, and a 
line of small isolated areas extend from this one around and across 
the posterior slope of the shell. Similar i~dications are also seen in 
frbnt of the apex, on the anterior slope. Alorig the i·ight side of the 
shell no ti·aces. of scars are. observable, and it is probable they were 
interrupted at this .point, as in many genera of t?is group of shells. 

It is somewh.at remarkable. and also interesting, to find a group of 
.. shells at this lo.,,~ geological hor~zon, so ~~16sely resembling forms J)er­
. taining to the ~retace?ils r~cks, these reflexe~ forms differi~g in gen­

eral appearance and structure, so far as determined, from. A·nisomyon 
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only in wanting the few radiating grooves characterizing most of the 
species ofthat genus. · · 

GENUS SC..:EVOGYRA, Whitf. 

Ann. Rept. Geol. Surv., Wis., for 1877, p. 61. 

Thin, univalve shells, sinistrally coiled, with a more or less ele­
Yated spire composed of rounded volutions, and chara~terized on the 

·lower side by a broad, open umbilicus, entirely destitute of callus; 
· peristorne entire, uniting with the preceding volution on the inner 
. side, and more or less spreading or trumpet-shaped externally. Types, 
·s. Swezye~· and .8. elevata. 

The marked peculiarity of the shells for which the above genus was 
proposed, consists in their sinistral character and open umbilicus. 

·We had at first supposed the former species could be classed 1n1der 
the genus llfaclurea/ but the rounded, naticoid character of the spire 

· was an objection, and when, on developing the second species frotn 
the inatrix, the greater elevation of the spire was observed, it was 
seen at once to indicate an entirely distinct genus. The genus differs 
from .JJfaclurea in the elevation of the spire, rounded volutions and 
expanded aperture. The appearance is that of a naticoid shell of 
the type of Gyrodes, Conrad. They also resemble some forms of 
IJlatyostorna, Conrad, except in the wide umbilicus and sinistral curv­
ature. We are inclined to think from the character of the shells that 
they may have been Heteropodous rather. than Gasteropodous. 

Sc...EVOGYRA SwEzEYI. 

Plate IlL Figs. 7-9. 

Sccevo,gym Swezeyi- Whiif.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 62. 

Shell of moderate size, depressed-con vex on the upper side, the 
. I ' 

spire rather low and composed of about three rounded, rapidly en-
larging, sinistrally coiled volntion·s, the last one more rapidly expand-. 
ing and becoming distinctly trumpet-shaped at the margin of the 
aperture on the upper ·side; su,ture lines distinct in the casts; umbil­
icus wide and open, su bangular at the margin; and the depression 
abrupt.· Aperture oblique, strongly r~ceding below; section of the 
volution obovate, widest above and angular below, somewhat modified 
at the inner upper portion by the preceding volution; surface mark(:ld 
by distinct concentric lines of growth, and in some cases by slight 
undulations·of the shell parallel to the margin of· the aperture. 



SPEClBS FROM THE LOWER MAGNESIAN LIMESTONE. 199 

The shell is peculiar for its distinctly naticoid appearance in all re­
spects except the sinistt·al curvature of the spire.· 

Sc£voGYRA ELEVATA. 

Plate III. Fig. 11. 

Sccevogyra elevata.....:.Whitj.; Ann. Rept:, Geol: Surv. Wis. for 1877, p. 62. 

Shell of medium size, the largest specimen ob$erved ·measuring a 
.little more than an inch in height, spire proportionally elevated, the 
apical angle being about thirty-eight to forty degrees each side of the 
vertical axis. \T oli1tions, sinistral, about three in number, moderately 
increasing in size, and strongly rounded on the surface; suture line 
distinct; umbilicus qnly moderately wide, less than half the diameter 
of the volution; aperture semilunate in form, straightened o~ the 
inner side; and slightly modified above by the preceding volution; 
outer lip slightly expanded at the margin on the outer 'portion; sur­
face of. the shell, so far as can be observed in the matrix, destitute of 
markings. 
· The great elevation of the spire of this species, and the small um­
bilicus, are distinguishing features. 

S~JEVOGYRA OBLIQUA. 

Plate III. Fig. 10. 

Sccevogyra obliqua-Whitf.; Ann. Rept. Geol. Surv. for 1877, p. 63. 

Shell small, sinistral, very oblique; consisting of about two volti­
tions, the outer one forming nearly the entire bulk' of the shell, 
rapidly descending in its curvature and somewhat compressed on. the 
outer sm•faee; section of the volut.ion elongate-ovate, somewhat con­
stricted on the inner side, .and very slightly modified at the upper· · 
inner angle, by the preceding volution; aperture very much elon­
gated, somewhat rounded below; 'umbili~us small; suture line indis­
tinct; surface of the shell unknown. 

The species is readily distinguished from the others by the propor. 
tionally large body volutions, the upper one being only apical. A 
single specimen only was obtained, having been discovered and pre~ 
f3ented by Mr. J os. Miller, of the.class of '77, Beloit College, Beloit, 
Wisconsin. · 



.. t· 

L __ 

200 .P .ALlEONTOLOGY. 

GEN.us EUO).IPHALUS, Sowerby. 

EuoMPH.ALus STRONGI. 

~late IV. Figs. 1, 2. 

Euomphalus Strongi-Whitf.; Ann. Rep't Geol. Surv., for 1877, p. 66. 

· Shell somewhat larger than medium size, subdiscoidal, and coiled 
··nearly in the same plane, the depression of the spire being nearly 
:as great as the depth of the umbilical opening. Volutions, three or 
·more, rapidly increasing in size and very slightly overlapping each 
·other on the upper surface, strongly convex on the sides, becoming 
·obtusely subangular just within the middle of their width, and slop­
. ing rapidly in each direction from this point; dorsum rather more 
·decidedly subangular than the sides, giving a somewhat subquadran­
. gular form to the volution '\Vhen seen in a transverse section. Surface 
·of the shell i'ndistinctly marked ~y broad, faint undulations parallel 
:to the margin of the aperture, and having a strong backward curva-
ture ft~om the ventral to the dorsal angle, indicating a deep, angnla~ 
notch-like feature of the margin. . 

This is a very neat and pretty species, presenting, in its almost 
· symmetrically coiled volutions, much the character of a large species 
of Oyrtol?:tes, but on clqse examination it is seen to be spirally coiled, 
although but very slightly off the plain of the volutions. The diam­
eter of the largest individual is nearly two and one-fourth inches, 
with a·"transvm;e diameter of the volution .at the aperture of about 
three-fourths of an inch. 

·!!'ormation and locality. In cherty layers of the Lower Magnesian limestone, Rich­
.l~d _county, Wisconsin. Named in honor of the discoverer, Moses Strong, Esq. 

CRUSTACEA .. 

GENus DIKELLOOEPHALUS, Owen. 

The two following species of Dikellocephalus are of great interest 
from the fact that they preserve the true form and convexity of the 
·carapace, showing them to be quite convex and rotund. Nearly all 
the species of this group of Trilobites ·hitherto described have beei1 
obtained either from soft, compressible sandstone, from sandy shales, 
or from shaly rocks where the objects have been subjected to much 
distortion or change in form by vertical compression, flattening ~r 

------~~-~ 
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spreading out the crust so as to present broad, :flattened objects ofbut 
slight convexity; but in the present case, the matrix is a hard and 
very unyielding magnesian limestone, which has preserved them in 
their true proportions, although, as in nearly all other cases with spe­
cies ofthis genus, they are preserved only as detach~d fragments or 
parts. 

. DIKELLOOEPHAL us BARABUENSIS. 

Plate IV. Figs. 6-9. 

DikeZlocephalus Barabuensis--:-Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p:· 63. · 

Entire form of body unknown, the species being recognized by the 
glabella and fixed cheeks united, by detached movable cheeks and iso­
lated pygidi~. The species has attained to a· rnedium size, the heads 
sometimes measuring one inch or more in length from the anterior 
bo1~der to the base of the occipital ring. Glabe1la strongly arcuate, 
longitudinally, and somewhat less so transversely, separated from the 
fixed cheeks by well marked dorsal furrows; which are continued in 
front; sides of the glabella very gradually converging anteriorly; an~. 
terior end rounded; surface marked by two pairs of very faint fur­
rows, the anterior pair often obsolete, a·nd the posterior seldom ex-. 
tending to more than one-third of the distance from the dorsal furrow, 
and._recurved at the inner end. Occipital furrow broad and distinct, 
but not deep; occipital ring large and strong, wideriing in the mi"d~Be, 
posteriorly. Fixed cheeks, very narrow; palpebral lobes small, ob­
·tusely angular in the middle, moqerately prominent, and situa~ted 
opposite the middle of the length of the glabella. ·Frontal limb wide 
and short, bordered by a distinctly elevated, .flattened, narrow, ante:.. 
·rior rim; posterior late~al limbs narrow longitndinally, but· as long 
laterally as the width across the middle of the glabella and deeply and 
.·broadly furrowed. Sutures cutting the anterior border nearly ori a 
line with the outside of the eye-lobe, which they reach with a slightly 
outward curvature, and behind are directed strongly outward, at a low 
angle with the line of the base of the head. 

Movable cheeks proportionally larg~, depressed convex on t_he sur,. 
face, and nearly semi-circular in outline, margined· by a moderately 
wide, thickened, slightly elevated rim, which is prolonged in an acute 
spur on the anterior extremity, aud in curved at the genal angles; not 
prolonged in the form of spines. . · 

Pygidium referred to the sp~cies, subellipti_cal in ·outline, the mar· 
ginal curve forming nearly one-third o£ a eii·cle, while the a:nter~or 
border is much less strongly arched, length. and breadth as three to 
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five· and th~ lateral ano-le slio-htly rounded; axis strong, forming fully 
' :::, 0 . 

·one-third of the entire width; strongly elevated and· a little less than 
two-thirds of the entire length of the plate, marked by three rings ex­
clusive of the anterior one. Lateral lobes convex, destitute of a thick­
ened border, and marked by three very obscure ribs on each side, not 
observable on all the specimens. 

The species somewhat closely resembles Bathyuru8 capax Bill (Pal. 
l!"'oss. Canada, Vol. I, p. 409, fig. 389), but is more convex, has nar­
rolver fixed cheeks and more distinct glabella furrows, that one being 
described as destitute of them. 

DrKELLOCEPHALUS EATONI •. 

Plate IV~ Figs. 11-17, and Plate X. Figs. 4 and 5. 

Dikellocephalus Eatoni-Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 65. 

Entire form unknown. Glabella and fixed cheeks, when united, 
.quadrangular in form and very convex, as seen uncompressed in the 
limestone, entire length of the head equalling the breadth across the 
.palpebral lobe$. Glabella quadrangular, widest at the base, gently 
narrowing to the front, slightly rounded at the antero-lateral 'angles, 
.and squarely truncate on the anterior border, where it is rather more 
than two-thirds as wide as at the occipital furrow, separated from the 
fixed cheeks by shallow dorsal furrows as well as by its greater con­
vexity. Surface of the glabella marked by a broad and very shallow, 
but poorly defined posterior furrow, which is· strongly directed back­
ward on the outer portions, but nearly stra_ight in the middle, and on 
a single example, by a very faint pair just in fror1t of the eye lobe. 
:Fixed cheeks narrow, not at all prominent. Eye lobes moderately 
large, promin~nt on the anterior end, and_ much less so posteriorly. 
Frontal border wide, measuring on the most perfect specimen about 
three-eighths of an inch between the front of the glabella and the an-
·terior margin, strongly striated transversely with coarse, distinct strire. 
Suture line, as shown by the outline of the fixed cheeks, directed 
slightly outward in front of the eye and rounding invvard in crossing 
the anterior border; posterior to the eye its course has not been de­
termined. Posterior lateral limb unknown, but from tpe position of 
the eye, has evidently been narrow, and from the form of the mov-
able cheek, quite extended laterally. 

·· Movable cheeks large, strong, snbtriangular in outline, strongly 
convex, with a large ocular sinus and a wide, thickened, and strongly 

··striate marginal border, which gradually narrows posteriorly to the 
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genal angle. The anterior margin ·is prolonged in a; spine-like projec­
tion: corresponding to the rounding of the antero-lateral angle of the 
frontal limb. 

A large, sem.i-circula~· or elliptical caudal plate, which may be the 
pygidium of this species, was discovered among the specimens ob­
tained at the quarry, after reaching home. The length is less than 
half the width, the surface regularly convex~ with a short, and pro­
portionally small axial lobe, about half as long as the shield, and with 
indications of three faint rings, besides the posterior terminal one. . 

The posterior margin is regularly and symmetrically rounded 
throughout, and the curvature considerably shorter than that of" the 
anterior margin. It is possible this may be the caudal shield of the 
above species, although from the character of the head, and its great 
resemblance to n. Minnesotensis Owen, we had expected a some­
what different shaped plate. ' 

The species bears considerable resemblance to Bathyurus capaw 
Billings (Pal. Foss. Canada, Vol. I, p. 409, fig. 389), but the sides of 
the glabella are more nearly parallel and the whole more square, while 
the ante1:ior thickened margin .is broad and flattened, instead of nar• 
I'OW and rounded, as· in that one. We knOW of llO other described 
species with which it ·has close relations. 

GENus ILL.£NURUS, Hall. 

llL1ENURUS CONVEXUS. 

Plate IV. Figs. 3-5. 

Illamurus convexus-Whitj.; Ann. Rept. Geol. Surv. Wis. for.1877, p. 66. 

Glabella and fixed cheeks,.as seen united, round-conical in outline, 
half as wide again' at the base as in front of the eyes; surface almost 
regularly and equally convex, and destitute of either dorsal, glabella, 
or occipital furrows, except as the former are represented very 
faintly near the posterior margin by slight indentations, and by the 
constriction of the posterior margin of the head. Posterior margin 
of the glabella strongly rounded backward beyond the line of the 
lateral limbs; ocular lobes inconspicuous, and situated near the mid­
dle of the length of the head; lateral limbs short-triangular;· anterior 
border of the frontal limb rounded between the suture lines, as if the 
movable cheeks bad united in· front. Facial suture rounding in­
ward in front of. the eye, and behind the eye is directed back-
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ward and slightly outward, with· a gently· sigmoid curvature, to the 
occipital border, at a distance from the dorsal furrow equal to one­
fourth the width of the glabella. 

:Movable cheeks ·not definitely determined. ·Ther~ is, however, a 
single example of a cheek, in the collection, which may possibly be­
long to this species (see fig. 5, plate III), although the thickened, rounded 
-border would seem 'to be an objection to this view. The suture line 
of the specimen, as shown on its border, corresponds nearly to that of 
the· above described head, when held in a corresponding position. 
The specimen is rather strongly convex with a thickened, rounded 
:margin of moderate width, the anterior prolongation of which h~s 
·been broken, while the posterior angle is prolonged into a short, curv­
:ing spine having a downward direction. 
.. Pygidium elliptical, twice as wide as long, strongly convex on't'he · 
surface, 'pointed at the lateral angles and less arched on the,anterior 
-than on the posterior margin, with slight constrictions at the place of 
the dorsal furrows. · 

This species appears to have been 'the most abundant form of life 
at this locality, the remains being quite eommon but so' inconspicu­
ous, owing to their small size and absence of marked features, that it 
is readily overlooked. It differs· from I. quadratus H., of the Pots:. 
dam sandstone, in the round-conical form of the glabella, that one 
be~ng qua~r~ngular, or wider on the an_t~ri~r border thau_at_thc eyes. 
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LAMELLIBRANCHIATA. · 

GENus AMBONYCHIA, Hall • 

. Al\iBONYCHI.A LAMELLOSA. 

Plate V. Fig. 5. 

Ambonychia lamellosa-Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 31 (by error, 
A. cancellosa). 

Arnbonychia lamellosa- Geol. Rept. Surv. Wis., 1862, Vol. I, p. 437. 

:Shell very oblique, subovate or subqnadrangnlar.in outline; valves. 
d~pressed convex, most ventricose below the beaks and near the ante­
ri.or margin, and more compressed near the extremity of ~he.hinge. 
line; beaks small, pointed, directed f~H·ward and not projecting above . 
the line of the hinge. I-Iing·e line s.traight, but shorter than the . 
h;I?-gth of the shell below; anterior margin forming an angle of about 
eighty degrees to the hinge, and the anterior slope vertical or slightly . 
impressed in the upper part, not always showing evidence of abyssal · 
opening; basal margin sharply rounded from ·.its junction with the. 
ante,rior end, and more broadly rounded poster.iorly, the margin of the . 
sh~n above the middle of the posterior end regularly arching forward . 
to the extremity of the cardinal border. Surface of the shell marked 
by; numerous concentric lines of growth, which present the appearance, 
ev~n on the casts, of' having been the margins of lamellar expansions, . 
and in the matrix are decidedly of ,this character. No indications of 
radiating strire exist either on the cast or in th~ matrix. 

The form of the shell is somewhat variable in different specimens, 
heing·~ in some examples, much more oblique than in others; they: 
also vary in their proportional height and length, as well as in the : 
convexity of the valves, but generally present evidence of ~the lamel-. 
lose surface structnre. In the example figured, there is evidence of_ 
a fl~ttened and longitudinally striated cardinal or ligamental area of . 
c~.~siderable width, extending nearly the entire length of the cardinal > 

border. None of the speci!llens examined show traces of the hinge- . 
teeth, either cardinal or lateral. ,, . 

. Formation, and locf!lity. In the bufflim~s.tones o~ the Trenton gro\}p, at the various · 
localities near Beloit, Wisconsin. · 
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A~IBONYCHIA A'l'TENUATA. 

Plate V. Fig. 6. 

Ambonychia attenuata-Hall; Rept. Prog. Geol. Stirv. Wis., 1861, p. 33; Vol. I, 1862, 
. p. 437. 

Sheil of medium size, oblique~ elongate·ovate in form, widest pos­
teriorly; the width c, across the shell, from the ·buccal border to ~he 
postero-cardinal border, equal to two-thirds the length, as measured 
from the beaks to the postero-basal margin.. Beaks attenuated, 
pointed, directed anteriorly, projecting above the cardinal line, and 
not incnrved; vah·es regularly round-ventricose, most prominent 
just above the middle of the valve; hinge-line very short, not more 
than half as long as the width of the shell from the buccal- border to 
the posterior margin, and about one-third as great as the length of 
the shell when measured from the beaks to the postero-basal angle; 
posterior cardinal slopes very abrupt; anterior slope impressed; basal 
line short, very abruptly rounded, and the posteror border long and 
broadly rounded to near the cardinal line, where it is more sharply 
rounded to the hinge extremity: ·No surface features have been ob­
served except concentric lamellose lines. 

On a single example the muscular scars .are shown very distinctly, 
and are situated somewhat differently from those of most species of 
the genus. They are situated near th~ ant.erior border of the valve, 
instead of subcentral as in the typical species, and are distim;tly 
two in each valve, the lower one being large and nearly cir­
cular; the other quite small, much nearer the apex of the valve, but 
still more than one-third of the entire length of the shell from the 
beak, and is of a narrow triangular form, with a space of an eighth of 
a:n inch between the two impr~ssions. The direction of the pallial 
line is not. distinctly traceable, but appears to. be obliquely across the 
valve, from above the middle of the larger sca·r to the anterior side of 
the pointed beak. The species resembles somewhat in form A. bellis­
tr~'ata ):-Tall, from the Trenton limestones of New York, but is more 
sharply rounded and shorter on the basal line; has a much shorter 
hinge-line than that species, as shown on a much more perfect exam­
p)e than any of those figured 'in Vol. I, Pal. N. ·Y., the cardinal line 
being distinctly preserved to an extent equal to the greatest length 
of the shell below; while here the posterior. margin is strongly rounded 
forwar4 to reach the extremity of the short,hinge. 

FormaUon and locaUty .. The specimens collected and examined were from the ~pper 
layers of the buff limestones of the Trenton group, at Hanchett's quarries, near Beloit, 
Wisconsm. · 
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GENUS TELLINOMYA, Hall. 

TELLINO:MYA NASUTA. 

Plate V. Fig. 12; 

TelUnomya nasuta-Hall; Pal. N.Y., Vol. I, p. 34. Pl. XXXIV, fig. 8. 
lOth Rept. State Cab., p. 143, firs. 1-3. 
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" " Geol. Rept. Wis., Vol. I, lt;62, p. 38, figs. 1-2, and p. 438. 
Ctenodo~ta nasuta- (Hall's .sp.) Salle~·: Can. Org. Rem., Dec. 1, p. 35. Pl. VH, fig. 12. 

" " C;Logani-Salte~·; British Assoc. Rept., 1851, Trans. Sect., p. 63. 
41 

" Isoarca Logani- Woodward; Manual of Recent and Fossil Shells, 
p. 269, as cited by Salter. 

-·Shell occurring of varieus sizes, from less than one inch in length 
to moi·e than twice that size; form· subovate; or narrowly subovate, 
with ventricose valves. An-terior end broadly rounded, once and a 
half to nearly twice as wide as the posterior extremity, the greatest. 
length above the middle, and more narrowly rounded above this point 
than below. Posterior to the beak, the shell is narrowed on the car­
dinal line, and rapidly contracted on the base; posterior extremity 
sharply curved. and somewhat compressed. Beaks small, propor­
tionally broad, incurved arid not conspicuous, situated much nearer 
to the anterior than to the posterior exti·emity of the valve; .Hinge­
plate narrow, marked by a variable number of small, curved teeth, 
according to the age of the shell. On a specimen measuring one .and 
three-fourths of an inch in length, there are about fourteen on the 
anterior sides of the center, but the number on the opposite side cannot 
be counted. On the internal casts, the condition in which the Wis­
consin specimens occm~, the muscular scars are large and distinct; the 
anterior scar being situated close to the hinge-plate and well forward, 
and is large and sn bquadrate in form, the posterior scar being smaller,. 
but more distinct aud subtriangular in form. Pallial line entire, .and 
frequently composed, on the casts, of'a series of pnstulose markings. 
Surface of the shell, as shown by the matrix, smooth, or marked only 
by fine concentric lines of gro\\·th. 

Formation and locality. The species is quite a· common one in the buff limestones of 
the Trenton group, and is quite charact.eristic. I have collected them from nearly all the 
horizons of the formations near Beloit, and they occur, iwso, at Janesville and elsewhere 
in 'the formation. In New York, the species is known in the Black river limestones;. 
not uncommon about two miles above vVatertown, associated with several forms of CY­
PRICARDITES with L-ituites undatus, Ormoceras tenuifilum and other fossils of the same 
horizon; it also occurs in the higher Trenton at several localities. 
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GENUS CYPRICARDITES, Conrad. 

CYPRICARDITES 'ROTUNDATUS. 

Plate. V. Fig. 11. 

Cypricardites i·otuhdatus..:_·Hall; Rept. Prog .. Geol. Surv. Wis., 1861, p. 29. 
'' " " Geol. Rept. Wis., Vol. I, p. 38, fig. 7, and p. 437, 1862. 

· Shell small, subcirc~Ilar in outline and subglobose in form, the . 
1

; . h~ight and. ler~gth being subequal, the valves full and ventricose. 
Beaks proportionally large, prominent, scarcely incurved, strongly 
projecting above the cardinal line and directed obliquely forward. 
Cardinalli'ne strongly arcuate, and the hinge-plate marked on the an­
terior end by three or four small, obli,que cardinal teeth, and by one 
or two oblique lateral teeth on the posterior extremity. Muscular 
scars, on the casts, moderately distinct; the anterior one small and 
situated close to the hinge-plate; the posterior larger but less dis­
tinctly inarked. Surface of the shell, as shown in the matrix, marked 
by concentric lines of growth.· . 

·This species is smaller than any of those with which it is associated, 
being recognized in specimens from three-eighths of an inch in diam­
eter to those of .more than an inch, and is much the most common of : 
the genus. It is readily recogniz~d by its round form and the prom­
inent and often pointed beaks, as well as the almost regularly curving . 
margin; the anterior, basal.and posterior .margins being blended into 
each other without perceptible angle. The cardinal line is also almost 
as ·arcuate as the other parts of, the outline. 

Formation and locality. In the buff and blue limestones of the Trenton group at 
B~loit, Janesville and elsewhere in Wisconsin. 

0YPRIOARDITES NIOTA. 

Plate V. Fig. 10. 

Cypricardites niota- II all; Rept. Prog. Geol. Surv. Wis., 1861, p. 20. 
" " " Geol. Rep. Wis., 1862, p. 38, Fig. 8, and p. 438. 

Shell of ~edium size, broadly subovate or subquadrangnlar in out­
line, with a suberect form, very ventricose valves, and large, strong, 
somewhat tumid beaks, which are but slightly incm·ved, are prominent 
abo\·e the hinge, have an anterior inclination, and are situated very 
near the anterior end of the shell; cardinal line nearly straight, rather 

i 
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~horter than ~he shell below;. anterior mai=gin. nearly at.right'angl~~ 
to the cardinal li"ne iri the upper part, but rounding into the base 
b~low; posterior extremity .round and nearly equal to the anterior;· 
basal margin regularly arcuate; valves most ventricose at the anterior' 
third of the shell and a little above the middle of the width; muscular 
scars, on the cast, distinct; the anterior scar small and situated partly:· 
between the filling of the beaks; posterior scar large, subquadrangular, 
situated near the posterior ma.rgin, and close to the edge of the hinge' 
plate.; pal)ia~. line strongly m"arked, especially on ~he anterior part ot 
its extension; surface· of the shell, as seen in the matrix, marked only 
by concentric lines of growth.. · 

·The species is much lP.ss •common than 0. r~tundatus or 0. rnegam­
oonus, and is readily distinguished from them, as well as from . all' 
others associated in the same 'horizon, by the quadrangular outline: 
co.upled with. th~ erect form and anterior position of the· beak~. Th~- · 
anterior mat·gin forms nearly a right angle with the hinge .line, ·a: 
feature pertaining to no other species in this association. The valves; 
~re often quite veutric~se, in fa<;t inflated, and on.the casts the ante­
riO!: uiubon:tl ridge is angulat·, and the heaks .thin and compressed~ r 
apparently from the thickening of the shell in the t1pper 'portions of 
the valve, but the inflation of the valves is never so extreme as in 
0. megamvonus, nor arc the umbonal ridges ever so sharply rounded 
or so obliq ne as in that speei.es. 

Formation and locality. ·In the middle and upper parts of the buff limestones of the 
Trenton group, at Beloit, Wisco~sin, at Ca.rpentt:_r~s u.nd _Hess' quarries. 

CYrRICARDITES VENTRICosus. 

Plate V. Fig. 9: 
·, 

Edmondictvent1·icosa-Hall; Pal. N.Y., Vol. I, p. 155, Pl. XXXV, Fig. 1. 
Palcearca vent1·icosa-Ilall; 12th Rept. State Cab., p. 10, :B'igs. l-3, a.nd pp. 68 and·· 

95; also Pal. N.Y., Vol. III, p. 271, Fig. 1-3. 
Cyp1;icardites ventricosa-Hall; Geol. Rept. Wis., Vol. I, p. 433, 1862. 

·Shell trans,·et·se, very obliquely o·vate, broadest posterior to the mid- 1 

dle; valves vent1·icose, prominent on the umbo; beaks large, ventri- · 
cose, projecting above the cat·dinalline, and i.ncurved. .Ifinge-line 
neady -two-thit:ds tile length of the· shell, slightly arcuate, marked by 
t,vo or. thl'ee small cardinal teeth beneath the beaks, and one or two : 
long, slightly curved lateral teetl~. Anterior end short; shai·ply · 
curved.; postet·ior margi~ .'broadly curved ·frorri the ~xtremity of tlie 

VOJ,. iv~-14 · · · 
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hinge tQ th~ pos~ero-basal_a.ngle; basal·line, in the ariter.ior .portioni 
straight, and ·forming. a:n .angJe of about fifty-Jive degrees to the ·line 
~f the hinge, umbonal slope ~ubangular. · Surface marked· only. by 
concentric ·lines ·of grow~h. 

Among the specimens of thiB species recognized in the' Buff iime­
stones of Southern Wisconsin, there is considerable variation in form. 
The generality of the examples have much the shape of' those frorri 
the Trenton limestone of New York, and few have the narrowed and 
very oblique character of those figured by Prof. Hall in the lOth 
Report State Cab., above cited, from St. Joseph island. There is also 
considerable difference in the ventricosity of the valves, but this may· 
~estilt in part from accidental ccrmpression •. The specimen figured is 
one of the broader forms, the distance across the valve, from the car~ 
dinal teeth to the antero-basal border, being mqre than in the major­
ity of specimens noticed. It- is not as common at most localities as 
(J. rotu1~datus, and we do not remember to have seen it in the .higher· 
~eds . 

. Formation_ and locality. In the lower buff limestones of the Trenton group, near 
~eloit, Janesville, etc., ·wisconsin. 

CYPRIOARDITES l!EG AMBO NUS. 

Plate V. Figs. 7 and 8. 

'Cypricardi(es megarnbonus- Wh-itf.; Ann. Rept. G~ol. Surv. Wis. for 1877, p. 73. 

Shell of medium size, very oblique, ovate in outline and very ven­
tr~cose in profile, with. large, tntn~d, obliquely enrolled beaks, situated 
a little anterior to the center of the hinge, and strongly projecting 
above the cardinal line. Valves very deep, and very ventricose along 
the promi-nent and obtusely rounded umbonal ridge, 'Yith a bro~d, 
abrupt and slightly concave cardinal slope, and con\·ex, but rapidly -· 
declining antero-basal surface; anterior end rapidly sloping back- , 
wards, uniting imperceptibly with the basal curve; .posterior margin ' 
extending obliquely backwards from the extremity of the short hinge­
line to the postero-basal angle. Surface marked by irregnlar concen­
tric lines of growth. Hinge-plate marked by two or three short, ' 
oblique, cardinal teeth, and by two long,.curved, posterior teeth in the 
right valve, as shown by the internal cast;· muscular imprints rather 
faint; ligamental·area rather small. · 

. T}1is -species approach.es most nearly to 0. niota Han; with which 
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it. is associated, but may be readily. distin·guished ·by the obliq'nity of 
the shell to the hinge, that one ·being nearly erect; and also by' the 
Yeritricose and more prominent umbonal ridge, which, with· the great 
obliquity. gives to the shells an .entirely different aspect wh~n placed 
sid.e. by side. · · 

' ·Formati.Q:n;a_nd locality. In the Buff limestone of the Trenton group, in the upper 
part of 0arpen~~S7 q!Jarry, and also mor~ ablindantly at Hess' quarry, near Beloit, 
Wisconsin. 

GASTEROPODA· 

GENus MET9PTO:MA,! Phillips, 

METOPTOMA PEROV ALIS. 

Plate V. Figs. 13 and 14.· 

Metopfoma peromlis- Whitf.; ·Ann; Rept. ~eol. .surv. ·Wis., for 1877;. p .. 74. 

Shell of medium size, oval or elongate-oval in outline, a little 
more than hai£ as wide as long, and about one~third: as high as the. 
greatest width. General surface, depressed convex; anterior end very 
slightly truncate from below the apex to the anterior margin, giving 
a slightly flattened and concave anterior slope. Apex small, situated 
very near the anterior end~ a~d slightly overhangi,ng the anterior 
slope. Surface of the shell smooth, so far as can be determined from 

. the specimens in hand. . 
On the internal cast, the· muscular scar is seen as a narrow, scarcely 

elevated band, passing just below the· apex on the. anterior side, and 
extending back. to near the ~iddle of the length, where it widens and 
forms a broader band around the posterior half of the cast, at .about 
midway between the apex and the posterior margin. Length of the 
largest specimen, nearly one and one-:fourth inchef:!. 

Formation and locality. In the lower bluish limestone of the Trenton· group, below 
Carpenter's quarry, Beloit, Wisconsin. 

GENus CYCLONEMA, Hall. 

CYCLONEl\fA PERCARINATUM. 

:f:llate V. ~ig. 15. 

M~wchison·iapercarinata.-Hall; P~l..N. Y., Vol.), p. 177, Pl. XXXviii, Fig •. ~ .. 

Shell of medium size, broadly conical, the apical angle being a little 
less than ninety· degre~s. Volutions three, or. froni three to. four; 
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~tr~n.g1y". convex. and rapidly. increasing. h1 size; bei'ng very broadly 
·ovate in transverse section, narrowest at the upper angle and rounded 
:below~ Surface of the voh1tions marked by several distinct revolving 
carina;, varying in strength and' in ··their·distance from each other, the 
spaces between being more or·]ess concave. The principal carina oc­
·cnrs jtrst above the center of· the volution, and one or sometimes two 
o.bove'it, near the'-sutnre .line; below-the principal one there are· two 
others, at ·nearly equal distances, the position of which give the peri ph~ 
ery of the volution a somewhat vertical form; while below this, 
the surface is rapidly r~tinded an:d m·arked by one or two very faint 
carinations. There ~ppears to have been a. small ~pen umbilicus, as 
in the cast there occurs a small' core, which has filled the opening. 
On the surface of. the cast. are slight indications of nearly vertical 
strire of growth, but to~ f~intly mark~d to be 'satisfactorily determined. 

The species is appare~tly somewl~at- ~are~ ·as only one satisfactory 
speeiinen·was obtained) although several other fragments were det.ected.: 
a_'he typ~ specimen of the species is from the Trenton limestone~ at 
:Wat~rt~nvn, N._Y·., ~nd as. it is the·onlyoneseen, so far as'we are aware, 
it must have been equally rare at that locality. Althougl~ originally de­
s~ribed as aM URCIIISONI.A, the specimen shows no evidence of a slit in the 
aperttire, but seems to possess all the essential features of CYCLONEMA, 
un1e~s t.he presence of a small umbilicus should prove objectionable, 
althongh, .some of the typi~al specif?s, 0. bilix, seems to ha\Te been. open 
when only partially grown. The form of the .aperture,. however, and 
the. existence of so many cari~1ioo would at once distinguish it from 
M ~ROHISONIA. 
: Formatiort and ~ocality. In the Buff limestones of the Trenton group, at Hess' quarry, 

. _nea1· Bel?it, Wisconsin. 

GENus TROOHONEMA, Hall. 

TROCHONEM.A. BELOITENSE. 

Plate VI. Figs. ·7 and 8. 
T1·oclwnema Beloitens'{s'-Whitf.; Ann. Rept. Geol. Surv. :.;wis., for 1877, p. 74. 

Shell moderately large, with a rather low spire, the entire heig4t 
·of the specimen being somewhat less than the diameter across the· 

. base; volutions abo'ut threein number, ventricose, about as high as 
wide, the uuter· one increasing in size more rapidly than the preceding, 
ob~c1~r~l.Y fi~tte~~ci .on the. periphery, slightly concave above arid 

· ·rounded below· and on the inner and basal surfaces; stJture line very 
(listi'ne;t ·and well marked; base ·of the shell gradually rounding into, 
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and form.ing a deep umbilical cavity, with a 'rather small central· per~ 
foratiou; aperture snbcircular and very oblique, not modified by the 
!}receding volution, but apparently having the outer lip slightly ex~ 
panded; su dace of the cast marked by obscure transverse lines, i ndi­
cating stronger lines of growth, parallel to the margin of the aperture. 
. The shell resembles Trochone1na a-mbirrua and T. u·mbil·icata I-Iall, 
of the Trenton limestone of New York, but is more round and ven­
tl·icose even than the former, with an equally elevated spire; but 'more 
rapidly increasing ''olutions. 

Fonnation and locality.. In the Bufl'limestone of the TrentOn group, at Hess' quarry, 
~ear Deloit, Wisconsin. · 

TRo.CnoNEl\IA · BE_A<;mr, n. sp. 

Plate VI. Fig. 6. 

Shell 9£ medinm size, broadly conical, with a Io,w, .conica\. spire 
~onsisti~g o.f abot;t ·three volutions, which· increase very rapidly in 
-size with subsequent age, and are dosely coiled, the entire Iwightnf the 
shell being rather less than the tran·sverse diamete~ .. V, olutions hav­
ing a genet·al quadrangular aspect in a transverse se~~ion, wit~. tru.n:. 
'cated corners, the_ 'top, the dorsal and 'lower s'ides representing the 
.sides of the.qnadrangle; periphery vertical, forming a· broad, flattened, 
vertical band; top of the volution also flattened, and the space be­
.tween slightly concave; under surface gently rounded, and represent-. 
·ing a depth rather less than that of the vertical band; inner volutions 
projecting above the outer ones equal to about two-thirds of their en: 
-tire depth, or to the base of the vertical portion. Aperture subquad ... 
:rangular, the margin somewhat expanded in adult shells, especially 
oi1·the lower side. Umbilicus small and abrupt. Surface, as shown 
·by the matrix, marked by transverse strire of growth, which have a 

. ·general backward direction in pasdng from the upper to the under 
<Surface of the volntion. 
~ The sheU has the general a~pect of T. 'l_tmbi~icata :Hall, but is 
·rather smaller, and is more compactly coiled, with a proportionally 
,}1igher spire, very much more rapidly increasing volutions, which are 
·more decidedly quadrangular, less spreading and of greater propor:­
'.tional height. These features combine to give the shell a very much 
:smaller umbilical ·opening. We were at first inclined to refer this 
·species to Hall's Pleur·otomaria ambigua, Pal. N.Y., VoL I, p. 176, 
·Pl. XXXVIII, fig. 3, but on. examining the type specimen it proves 
~to .. be quite distinct, as that shell has n~ flattening on the ul?per sur~ 
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·face of the volution, but is distinctly convex from _the margin of the 
vertical band on the periphery to. the base of the preceding volution, 
and is also destitute of an umbilical opening; the columella is straight, 
and slightly prolonged at the ba·se. ·On the specimen we can detect 
no evidence whatever of the .vertical strirn shown in the figure. 

Formation and locality. In '.the Buff .beds of the lower part of the Trenton group, 
below Carpenter's quarry, near Beloit,-andat the railroad quarries three miles above 
Beloit; also at Janesville anq other pl~ces· in southern Wisconsin. 

GENus RAPHISTOM;A, Hall. 

RAPHISTOMA LENTICULARIS. 

· . ·Plate ·VI. Figs. 4 and 5. 

Trochus lenticularis- Sowet·ly; Sil. Researches, 1839, Vol. I, p. 642. Pl. XIX, Fig. 11. 
Pleu1'otomaria. lent-icularis- Conrad in MS. Em. Geol. Rept. 3d Dist. N. Y., 18!2, 

" " 

" 
,, 

p. 392, fig. 2; p. 393, figs. 2 and 3; a.ndp. 101, fig. 2. 
(Sow.) Hall; Pal. N.Y., Vol. 1, p.· 172. Pl. XXXVII, 

fig. 6. 
" Owen, 1844, Geol. Iowa, Wis. and Minn., p. 86, 

. Pl. XVIII, Fig. 6. ' 
!laphistoma· lenticularis- Salter; Can. Org. Rem., Doc. 1, 1859, p. 12. 

" " Hall; 12th Rep·t. State Cab. Catalogue of Vol. 1. Pal. N.Y. 

" " 
andG.eol. Rept. Wis., 1862,·p. 39; fig. 4, and p. 440. 

(Con. Sp.) M. and vV. Geol. Ill., Vol. 3, p. 316. Pl. III, 
fig. 7. 

Form discoidal as seen from above, and lenticular in a side view; 
the portion below. the periphery of the outer voh~tion equal to or ~ 
little more than one-half of the entire height of the shell, and the en­
tire height equal to. about one-half the diameter. Volutions about 
four, Hngular on the edge. and nearly three times· ~s deep below the 
angle as above, very gradually increasing in size with_increased growth; 
the upper surface flattened in the direction of the spire, so that the 
Oliter edge of one volution is even with the inner edge of the next 
succeeding one. Suture between the volutions, in the cast distinct, 
·but not conspicuous, and in the matr.ix 'scarcely visible. I.Jower. side 
·of the Yolntion rounded from the angle to the margin of the broad, 
open umbilicus~ Aperture subtriangular, obliquely flattened above, 
rounded ·below and on the inner side; the lip being thin and sharp, and 
.regularly and rapidly receding from its junction with the preceding 
·,vhorl to the outer angle on the upper side; and ,on .the lower side is 
aga:in proiected forward in a lingulate exter,sion between the periphery 
.and the margin of the umbilicus, leaving a deep, narrow ~left in th~ 
-margin at the angle of the volution. Within the urn bilicus, the 

·1--
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lip appears to have l>een ner.rly vertical. Surface· of the shell marke4 
only by fine .strirn of g1·owth, parallel to the margjn of the aperture. 

The depressed· lenticular form of the shell, and the angular pe­
riphery;are distingnishing features of the species. Although there are 
several other species which are very closely allied in form found in 
the Trenton gmnp at various places, there are none in vVisconsin, so 
far as at present known, which approaches nearer to this than fl. Na:.. 
son1: Hall, with which it is associated, bnt which may he readily distin­
guished from this one by the greater elevati~n of its spire, the volutions 
of ·which are scaliform or step-like, while on ti1is one they are smooth 
and even;frorn the apex to the outer margin of the shell. In R. Na-. 
soni the volutions are also deeper and more ventricose, and the u~­
bilicus is proportiom~lly wider, while the notch. in the aperture gives 
rise· to a round elevated ridge along the edge of the outer whorl;·. 
whereas on this one it produces no feature what.e_vm~ .. 
· The -species is a some,vhat common one, and as it is not known ~o 
occur at any other. horizon, notwithstanding its ~.lmost, wor1d-wide 
distribution in the same formation,- it is a very safe guide in deter-

. mining the age of strata wherever it occurs. · 

Formation and loca.lity. In the Buff limestones of the Trenton group at most of the 
localities whei:e they occur, and in the Trenton limestone in Iowa, Minnesota, New York 
and Canadaj and also in 1:ocks of the s~me age in, Europe. 

RAPIIISTOMA N .ASONI. 

~late VI. Figs. 2 and 3. 

Pleurotomaria (Raphistoma) Nasoni -Halli Rept. Prog. Geol. Sury. Wis., 1861, p. 84j 7 

Ibid, Vol. l,_p. 39, Fig.-. . . 

Shell rather above a medium size, very depressed, conical, the height 
of the spire being less than two-thirds as great as the greates~ width 
·~cross the baseof the shell, and consisting of f1·om four to five volu­
.tions, which increase in size very gradually with increased.ag~,.~nd 
are each elevated al.Jove the succeeding one, abo_ut t~vo-thirds of their 
d~pth. Volntions round in- the yo1}nge~ stages of growth, ~ut be­
coming flattened or sloping on the top, and angular on the .periphety, 
in the more advanced stages, with a nearly ~ertical dorsal margin,.an4 
strongly rounded lower si(le. Upper surface of the o~1ter vqlution 
.marked by a broad~ shallow depression .or furrow, just within the mar. 
gin, which gives a slight convexity to the surface between the fu~row· 

. and the s'utnre line, and also has a tendency to elevate the obtusely 
.angular p~riphery .. U nd~r _surface of the volutions bro_adly ron~_ded, 

1 
-1 
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~ften a little more' depres:;ea oil the base than on the sides. u mbili~ 
cus broad and open, exposing to view each of the inner whorls. Vo­
lutions subquadrangnlar in section, flatteued above, round on the 
sides and below, and somewhat impressed on the 11pper inner side by 
tihe preceding volution. Aperture strongly and deeply notched at the 
enter angle, the 'lower lip extending as far, or even farther forward, 
below the notch on the vertical portion, than on the npper side, but 
sharply.receding below and on the inner side of the volntion. Surface 
of the shell marked only by concentric strire, parallel to the margin of 
the aperture; and the extreme form of the aperture developed only in 
adult individuals. 

· F~rmation a11d lo'Cality. The species is a well marked and very characteristic one of 
the·upper Buff beds of the Trenton group, at Hess' quarry, near Beloit, Wisconsin; not 
~c.urring, so far as we have observed, in the, lower layers at any of the localities. There 
is a species described by Dr. D. D. Owen in his report on a Geol. Recon. Wis., Iowa and 
Nfnn~sota, -p. -,Pl. XI, Figs.l2 and 13, as Straparollus (Euomvhalus) .Minnesotensis, 

··w.hich very closely resembles this one, and which, were it not for his reference of the 
specimen to the Lower Magnesia.n 1imestone, we should suppose to be identical with it. 

GENus PLEUROTOMARIA, Defrance. 

P.r:.EURO'fOM.A.RlA. SUBCONICA. 

Plate VI. Fig. 1. 

Pleurotomaria subconica-Hall; Pal. N.Y., Vol. I, p.l74; Pl. XXXVII, Fig.8, and p. 
. 304; Pl. LXXXIII, Fig. 3. 

Shell moderately large·, with a short, conical spire, consisting of four 
~tid.-a.haif ~r five volutions when fully grown; apical angle about sev·­
enty or seventy-five degi·ees; transverse diameter across the body of 
ihe ·last volution equal to the entire height of the shell, and the height 
of the last vo1ntion equals ·a little more than hal£ the entire length. 
Yolutions obliquely flattened on the upper surface in the direction of 
the slope of the spire; and the last one marked on the periphery by a 
flattened and somewhat elevated band, marking the place of the slit in 
th~ margin of the aperture. Under side of the last volution rounded 
or depressed convex; umbilical depression small and deep; axis. per­
forate; but not strongly so. Surface of the shell marked by transverse 
strire of growth, parallel to the aperture, which are generally grouped 
in fascicles and form broad undulations on the surface, their direction 
·being strongly retral in passing from the suture to the periphery, and 
equally forward from below the band to the umbilical cavity. 
~ :· In the c.ast, the condition in which they usually· occur within the 
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state, the suture line is st.rongly marked, owing to the removal of 
the substance of the· shell; and the impressions of the surface marking 
are very often preserved even in this condition, so as to be readily 
traceable. 

Fonnatio;'t and locaUty. 'The species is quite abundant in the Buff limestone~ of the 
'.l?renton group, at most of the quarries near Beloit, Wisconsin; and also at many other 
places within the state, 

GENUS MURCHISONIA, D' Arch. & 'Vern . 

. M URCHISONIA GRACILIS~ 

Plate V. Fig. 19. 

Murcht'sonia gracilis-Hall; Pal. N.Y., Vol. 1, pp. 181 and 303j Pl. XXXIX, Fig. 4,j 
and Pl. LXXXII£; Fig. 1. . 

M. " Salte1·; Can. o~·g. Rem., Dec. I, Pl. V, Fig I, p. 22. 

Shell of medium size and slender, spire elevated and composed of, 
about ten volutions in a specimen of a little less than an inch. in ex-; 
treme length; vol~tions round or showing but very little tendency . 
to angularity on the periphery; suture very distinct and deep; apica1 
angle very acute, the diameter of the last volution, on the specimer{ 
above referred to, being nearly one-fonrth of an inch, or about one-. 
fourth as great as the length of the shell. A pertnrc extended .below, .. 
the columella being straight and the axis imperforate. Snrface, so far~ 
~s can be. ascertained from any of several specimens shown by the. 
yp.Q.trix, destitut~ of any marking. · 
· Some of the typical specimens of the species, as figured in Vol. 1,: 
Pal. N. ~., show considerable ~ngnlarity of the voluVC?ns; with fine: 
strire· crossii1g them; while others, probably partially or entirely in-. 
ternal casts, have them more regularly rounded. The ex~imples midm·" 
consideration show, even in the matrix, no evidence of either.band or 
vertical markings, and the evidence of angularity is so slight as to 
leave one in doubt whether it is really a featnre pert~ining to the· 
shell or an illusion. From the absence of the· above-mentioned fea­
ttues in these western specimens, we are prepared to see them prove 
a distin·ct speci~s when better.material· shall be obtained, and b.elieve 
tJley.may prove to belong to. some other genus ·than ·Murchisonia/ 
probably to Holopella McCoy. 

Format·ion and locality • . Although the species is common at many places in the state. 
in the Trenton group, the specimens used and figured· are from the bluish limestones . 
near the base of the Trenton, belo'Y Carp~nter's quarry, and· at the railroad quarries· ' 
near Beloit,· Wisconsin. · · · · · · - · · ) 
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MuRcrrrsoNIA (EuNEMA. ~) PAGODA. 

Plate V. Fig. 20. 

Eunema? pagoda-Salter; Can. Org. Reni., Dec. 1, ·p. _30, Pl. VII, F~g. 5. 

Shell small and ~lender, with an extremely elongated and attenuated 
spire, composed of very prominent and distinct volutions, sixteen of' 
which may be counted on a specimen of a little less. than an inch in 
length, the nine upper ones occupying one-fourth of the space; diam­
eter of the last volution, three-sixteenths of au inch; volutions angu­
lar· and marked by a proportionally wide revol~ing band near the 
n1iddle, which is bordered by an elevated carina on each edge, the 
space between oeing concave; a third carina occurs on the base of the 
volution, but is seen only on the last one, being covered on the others 
by the succeeding whorls; surface of the volntion above the revolving 
band regularly sloping to the deep suture above; faint indications of 
vertical strire are seen crossing the. volution, but too indistinct for 
satisfactory determination, owing to a coating of very ~inut~ crystals 
over tlie surface of the matrix; form of the aperture not determined .. 

Specimens of the species are not common in the rocks of 'Visconsin, 
but those seen have so much the appearance of a slender form·of 
Murchisonia, and the revolving band is so distinct and so similar, 
that I should have had no hesitation in referring it to that genus, were 
it not for the reference originally made by the author of the species, 
from observations made on what appears to have been better material 
than that I have in hand. The western examples are somewhat more 
slender than the Canadian, but the general aspect is the same in all 
other respects . 

. Formation and localitJJ. In the bluish-buff layers of the Trenton group, below Car­
penter's quarry, near Beloit, Wisconsin. 

:MURCHISONIA VENTRICOSA. 

Plate V. Fig. 18. 

Murchisonia ventricosa-Hall; Pal. N.Y., Vol. I, p. 41, Pl. X, Fig. 3. 

Shell of medium size, broadly conicalin form above the periphery 
of the }J,st volution; spire consisting of· about three to three and a 
half volutions, which increase somewhat rapidly in size with increased 
growth, and present a decidedly scaliform appearance, being flattened 
or only moderately sloping on the upper surface; decidedly angl!lar 
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on. the peripl1ery; nearly vertical just below, aild t;olinded on the lower 
B"ide; sutnl'e very ~trongly nu!rked; apical angle about ninety de-: 
grees; umbilicus deep, of rather small size and round on the mar­
g_in; apel'tnl'e snbquadrangular in fo·rm, rounded below, flattened 
on the tipper· side, and strongly modified at the upper inner por .. 
tion by the protrnsion of the preceding volution; shrface, as shown 
on the intemal casts, apparently smooth; still, there.is the slightesti~- ·· 
.dication of a simple· re\·olving ridge about midway between the edge_ 
and the suture, on the upper flattened portion of the volntion, and of 
.another a short distance below the angulation, which may have marked 
~light ridges on the surface; t~e surface strioo, as indicated by wavy 
lines on the east, have been receding on the upper em·face in passing 
from ~he suture to the periphery, and directed gently forward belq~v· 
the angle to near the base of the vol~1tion, then passing nearly direct 
into. the umbilical cavity. · . 
. The species is not a common one, a very few individuals only hav­
ing .been noticed. It seems to be, without doubt, identical wi_th the. 
New York species, but I can detect no 'appearance of the regular ~trim 

·on the top of th~ volutions, resembling those of a Loxonema, as de-. 
scribed by Prof. Ilall on that one; still, the western examples, being. 
only internal casts, might not have preserved them, although existing 
on the perfect shell. 

· 'For;nation and locality. In the buff limestones, near the middle of the Trenton 
group, at Carpenter's quarry, near Beloit, Wisconsin. The New York specimen ,fro~ 
which the original description of the species was taken, is from the Birdseye limeston~ 
in the Mohawk Valley, just below, and where graduating into the Trenton: i also ob­
tained a mucJl larger individual, apparently of the ~arne spe~ies, in the Birdseye at 
Watertown, N.Y. · 

MuRcnrsoNIA TRICARINATA. 

Plate V. Fig. 16. 

Murchisonia tricarinata-Hall; Pal. N.Y., Vol. 1, p. 178, Pl. XXXVIII, Fig. 6. 

Shell of medium or rather large size, with an elevated and turreted 
spire, composed of four or five volutions, which are angular and closely 
coiled in the upper part of the shell, but ofter:t become disconnected 
near tire. aperture in old specimens. The middl~ of the vol!ltions is. 
marked by a s!-rong,, angular ridge or carina, arid a second, less dis~ 
tinct one, occurs just be:low the suture, leaving the space betw'een 
the two distinctly concave. Below the central one, and at a distance 
e,qual to that b~~we:~n t~~ ()thers, ~ third ~idge exists, but les~ p~omi-. 

·. ..1!' . . ' . . ' 
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ilent tha-n either of the former, while tl~e space between is equally cop-' 
cave. Below this point the surface is rOlinded and ventricose. Aper-: 
ture slightly elongated, ovate, rounded below and on the inner side,. 
but slightly angular above and in the middle of the outer lip, the· 
Jilargin of which has been broadly and deeply notched.- Axis appar-' 
ently rninutely perf~rated. Surface marked by sharp, transve1:se strim; 
parallel to the margin of the aperture, and as shown in the matrix are 
~trongly bent backward in passing from the suture to the central car-. 
ination, and· below are again directed forward, the bending of. the 
stri::e being most abr.upt on the sides of the central carina. 
·. The species is n3ry common in some layers of limestone in Southern' 
Wisconsin, associated with the forms known as .M. heli'cteres Salter;: 
·between ·which and this one the characters seem to blend by imper~· 
ceptible steps, so that the 'species are only distinguished, by the size of 
the shell and the disunited volutions of the larger forms. The origi~ 
n'al specimens from which the description of this species was drawn, 
were from the Trenton beds a~ ·Mineral -Pqint, Wisconsin, and were 
in a rather poor state of preservation. The larger specimen of those 
figui·ed, a!:! above cited, shows a tendency, so far as one can determine.. 
from the ·figure, fo have the whorls disunited, showing the existence: 
of the principal feature upon which theM. heli~teres was established.· 

Many of the individuals of this species, as well as of that one, pre-· 
sent evidence of the existence of a very tbi;, broad, flange-like expan~ 
sio.n, projecting from the crest of the central carina, and which has 
been serrated on the edge, the serrations corresponding to the stri::e of 
the surface of the volution. This feature is one that does not pertai~ 
t~ tlie tr~e M ur~hiso'l~ias, and \Vhen considered 'in COllll~ctibn with t~1-~ 
form ofthe volution and of the aperture, may prove of generic im­
portance, but the material now in hand is not sufficient to furnish a 
complete diagnosis. 

Formation ~nd locality. • in the buff and l:iiue layers of tlie Trenton Group, at Beloit, 
Janesville and elsewhere in Southern. Wisconsin. 

:::M UROHISONIA HELICTERES. 

Plate.V. Fig. 17. 

Murchisonia helicteres -Salter; Can. Org.·Rem., Dec. I, p. 21, · PI.-IV, Fig. 17. 
Comp. M. tricarinata-Hall; Pal. N.Y., Vol. I, p. 178,Pl. XXXVIII, Fig. 6. 

· Shell moderately large, spire elevated;· turreted, and consisting of' 
from four t.o six volntions, wh~ch are rather-sharply angtilar and cari.:.' 
nate on the periphery, and also ·marked by two·1ess ·distinct carinre;; 
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one above and the other below, and at abopt eqnal distances from the 
central one; the up.per·one being much nearer to the suture than to 
the central carina.· Spaces between the c~rina concave, and below the 
lo,ver one, convex. Volutions clos~ly coiled in the upper part of the 
spire, but in old or fn1ly grown individuals the last vofution is often 
widely separated from the preceding one. Apical angle about forty 
or forty-pvc degrees .. Aper~u~e rounded. on the inner. side and below, 
~~d angular on the outer margin at the carina; sometimes the former 
is·slightly effuse below. Surface marked by strong, roughen~d, trans­
verse strim, as shown by the ma~rix, which have a strong backward 
,direction in passing from the suture to the centr~l carina, and are 
·again directed forward below it... · ·· · · 
~ There can be I)O reasonable dm1bt of the specific identity of this 
:shell with those described .from C~nada by l\ir. Salter, as above· cited, 
although they differ in . some few particuhirs. The central band is 
.not wide, nor is it fiatte'n~d on any of the many individual.s which we 
.have examined, but instead, it is in some instances, as shown by the 
:matrix, furnished with a thin, sharp expansion or flange-like keel., 
:~early an eighth of an inch in width, while on others it is very oh-

··'tilsely rounded.· This feature is also quite variable in the Canadian 
sp~cimens, as may be seen quite readily on figure 3 of the plate 
·and work above cited. vVhere. the ~pecimens are uncoiled, the addi­
: t~onal ridge bordering the suture is distinctly shown on the casts, and 
.:aJl other fea~ures shown on the Canadian specimens· are clearly trace­
:· able. 

There is so close a r~semblance between the specimens of this species 
~{wd specimens of M. tricarinata I-Iall, that it is practically impossible, 
~mong the casts, as seen in the limestones cf Wisconsin, to distinguish 
between them. So all small, closely coiled specimens are usually re­
ferred to the latter species, and the older indi vidnals showing the un. 
coiled condition at:e. separat.ed under l\ir.· Salter~~ designation of M. 
helioteres. It is our belief, however, that they are forms of the one 
species, the difference being only those of age, and the example of M. 
tricarinata, represented by figure 6 a. of the plate cited, appears to 
have been loosely coiled; showing ~heir similarity. 

: ·Fo"rnt[li{on: and locality. In the buff limestones below Carpenrer's quarry, and at; 
:.that owned by Mr. Hess, near Beloit, Wisconsin. 

~-· ~ .. 
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PAL£0NTOLOGY. 

G;ENus CLISOSP:IRA, Billings. 

QLISOSPIRA OCCIDENTALIS. 

Plate V. Fig. 21. 

Clisospira occidentalis- Whitf.; Ann. Rept. Geol. Surv. ·Wis., for 1877, p. 75. 

Shell small, synestrally coiled, spire conical, the apical angle bein_g· 
nearly ninety degr,ees; volutions from two to two and half, obliquely 
jiattened on the back in the direction of the apical angle, or very 
slightly-convex between the suture lines, and sharply angular on the 
periphery. Sntt1re distinct on the internal cast, the only condit~on 
in which the species h~s been observed. Base of the shell concave; 
.base. of the volution, between the edge of the shell and the axis, very 
slightly convex, and the axis in the cast minutely perforate; but-prob­
~bly solid in the perf~ct state. Surface of the cast marked with in­
distinct undulations, representing lines <?f growth,_ which pass rapidl~ 
backward, with a broad, gentle curvature, from the suture to the basal 
angle; traversing about one-third of the volution between the two 
points and indicating a very oblique aperture. 

The shell has the general appearance. of a ~ynestral' ·form of In-
.fundibulum. It differs from 0. curiosum Billings, Pal. Foss. Can., 
pp. 186 and 420, in being more rapidly expanding, but without the 
spreading dorsal·edge to the last volution, and in being destitute of 
surface marking beyond the ordinary lines of growth. · · 

·Formation and locality. In the Buff limestone of the Trenton group, at Carpenter's 
quarry, Beloit, Wisconsin. 

GENUS MACL UREA, Lesetier. 

:MACLUREA BIGSBY!. 

Plate VI. Figs. 17 and 18. 

Shell of moderate size, consisting of about four closely coile_d volu~ 
tions; flattened surface showing to be slightly depressed in the center, as 
seen in the matrix, with the surface of each volution slightly convex 
bet-\veen their outer and inner margins; outer margin obtusely 
rounded on the periphery. Convex side strbngly elevated, the depth 
of the volution equalling its greatest transverse diameter; central 
depression broad, rather more than one.fourth of the diameter of the 
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she11, the margin abruptly rounded; transverse secqon of the volu­
tioil su btriangular,; with the inner angle on the fiat side stl;ongly 
modified by contact with the preceding volution. Surface of the 
shell, as seen in the matrix, marked. <?n the _per_iphery and 'Convex sur­
face by strong revolving' strirn. 
~This species, as seen in internal casts, is somewhat more elevated 

on th~ convex snrfac~ than .M~ mag'na of the Chazy limestones of 
~ e'Y York, and also· differs in the possession of revolving surface 
l~nes; and from .M'. Logani, of the Canad1an rocks, it differs also in 
having a more slender tt~be_. . · . 

Fo1·mation and locality. In the lower part of the Buff limestones of the Trenton 
group, at Beloit, Janesville, and other localities in southern Wisconsin. 

GENUS. BELLEROPI-ION, Montf. 

BELLER.OPHON W ISCONSENSIS. 

Plate VI. ·Pigs. 15 and 16." · 
. . 

Bellerophon Wisconsensis- Whiif.; Ann. Rept. Geol. Surv. Wis., for 1877, p. 76. 

Shell of medittm size, rather closely coiled; globular in form ·when 
you~g, but becoming. strongly bilobed, and the lip laterally' expanded. 
in the adult form; anterior margin of the aperture broadly and deeply. 
sinuate, and _more deeply notched in the middle; periphery of the • 
outer volution marked by a broad,, somewhat elevated, and flattened' 
Ot: slightly convex revolvi~g ·band, extending along .the sides of the 
deep notch in the aperture. Umbilicus small, but in the cast showing: 
of medium size, from the removal of the substance forming the axis ... 
Surface of the shell apparently marked by concentric li1~es of growth," 
parallel to the border of the aperture. . 
- Th~ species closely resembles the figures 8 e and j, of Buoani~ 

b.idorsata I-Iall (Pal. N. Y., Vol. I, PL XL); ~ut ~lOt the others of 
that species. This shell is, however, a true Belleroplwn, as is readily 
seen by the closed or nearly closed umbilicus;. while that of Buoania 
is brqad and· open. It may be i·eadily distit1guished from B. biloba­
tus Sow., with \vhich it is associ~ted, ~y the flattening· of" the periph­
ery and the laterally expanding lip~ 

I 

Formation and locality. In the blue beds of the Trentqn lime stone, below Cm-pen: 
ter's quarry, near Beloit, Wisconsin.· · 
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GENUS BUCANJA, Hall, 1847. 

· BucANIA (TREMANoTus ~) BuELLI. 

Plate VI. Figs. 12-14. 

Bucania Bilelli- Whiif.; Ann. Rept."Geol. Surv .. W:\s., for 1877, p. 76. 

: ·Shell of moderate si~e, composed of from three to three and a half 
clo~ely coiled, apprE:>ssed "~olntions, the last one of which is some~hat 
1nOI~e. ventricose than the preceding, a.nd broadly expanded or trt~m­
pet-shaped a~ the ape1·ture. Transverse section of the volntions 
broadly elliptical or reniform, the lateral margins obtuse or suban.gu-· 
lar, and the ventral surface slightly concave from close contact with 
the inner coils; the lateral diameter varies from once and a half ttl 
nearly twice the d.orso~ver~tral diameter in different parts of the shell. 
Umbilical openings broad and deep, exposing all the inner coils; suture 
between the volntions sharply marked. Aperture circular or subcir­
cular, slightly notched i11 front aud moderately elevated along the 
m~ddle on the. exterior; the posterior side slightly modified by the 
intrusion of the preceding volution. Dorsal surface of the last volution 
marked by a long, narrow slit or opening, extending along the outer 
half of the whorl, and reaching to within about half an inch, more or· 

, less, of the margin of the aperture, the edges of the slit being slightly 
elevated above the surrounding parts of the volution. 

Surface. of the outer volution marked by raised revolving lines, 
'\_Vhich originate in fine strire on the smaller parts of the volution, and 
rapidly increase in strength toward the aperture, where they become 
strongly developed and distinctly alternate in size. There are also 
finer concentric strire ct·ossing and cancellating the revolving lines . 
. -This species differs fro1n B. expansa Hall, from the Trenton lime­

stone of New York, in the more compressed form of the volution, and 
in wanting the subtriangular form, as seen in a transverse section of 
t.hat ·species. On some of the examples of this species examined, there 
~re indicatio~s of the slit having been closed at intervals, forming. a 
~eries of perforations, supposed to be characteristic of the genus Tre­
manotus. ·This feature is also seen in B. expansa, and we have lately 
examined S<?me very fine specimens of Bucania profunda, from the 
Pentamerus limestones of Schoharie, in the cabinet of M1·. vV. D. 
Gebhard, whicli preserve the impression of the expa·nded a per: ure with 
its strong alternating revolving lines.· On one of them may be 
counted eight distinct elongated nodes on the dorsal portion of the 
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outer volu4;ion, and indistinct remains of two others, showing that 
this also possessed the features of Tremanot'l,tS. From these facts, we 
have been led to believe that all the group were characterized by this 

· peculiarity, though at) yet we b::.ve not been able to trace it on either 
the typical speeies of Bncania (B. sulcatina Emmons), nor on any of 
the species pertaining to the group typified by B: bidorsata. This 
latter group, ho:wever, is ~ot known to have the expanded aperture 

. characteristic of n·. expan:sa, and its congeners, nor do any of the 
species of B. sulcatina known, show any such feature, so that it is 
possible we shall have to refer all those possessing this feature to the 
genus Tremanotus. Their family affinities will be with Porcellia 
r~ther than with the Belleroplwntid(J3. 

Formation and locality. In the upper Buff limestones of the Trenton group, at Hess' 
quarry, near Beloit, Wisconsin. · · 

PTEROPODA. 

GENUS HYOLITHES, Eichwald. 

HYOLITHES BACONI. 

Plate VI. Figs. 9-11. 

Hyol·ithes Baconi-Whiif.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 77. 

Shell of moderate size, measuring from one to one and a half inches 
in length, with a diameter at the aperture equaling from one-fourth 
to one-third of the length; dorsal side of the she11 depressed convex, 
more abruptly rounded near the margins and on t~e edges, the surface 
marked by transverse strire, which arch gently forward and are par­
allel to the margin of the dorsal extension; dorsal projection regularly 
rounded and one-third as long as the width of the aperture; ventral 
surface about twice as deep as the dorsal, strongly snbangular along 
the middle and tho surface marked by transverse strire, which are 
directed nearly straight across the shell; transverse section of the tube 
snbtriangular or triangnlar~y ellipticaL 

Formation and locality. In the harder bluish-buff layers of the Trenton group, below 
Carpenter's quarry, near Bel?it, Wisconsin. 

VoL. IV.-15· 
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CEPHALOPODA. 

GENus ORTHOCE:U,AS, Breynius. 

0RTHOCERAS (AcnNoCERAs) BELOIT~NSE. 

Plate· VIII. Fig. 1, and Pl. X. Figs. 9 .and 10. 

Orthoceras ( Actinoceras) Beloitense-Whiif.; Ann. Rept. Geol. Surv. Wis. for 1877; p. 97. 
~ ' . . . 
Shell large and robust, subfusiform, moderately expanding to the· 

diameter of about f.onr inches, then more gradually decreasing in size 
to, the aperture. Section oval in all the examples noticed, ai1d JlSnally 
a little more flattened on one side than on the other, with the siphun-

. cle submarginal on the, flattened side. Septa shallow and not often 
symmetrically arranged, from seven to eight chambers .occupy a length 
equal to the diameter of the largest of the number measured; toward 
the outer portion of the shell the septa become more crowded, and 
just below the outer chamber are sometimes less than half the usual 
length. Siphuncle large, strongly beaded within the chambers, with 
an inner core, in the casts, having radiating filaments extending to 
the center of the bead in each chamber. Sui-face of the shell unknown. 

This species belongs to the group separated by Brown under the 
name Actinoceras, on account of the radiating character of the inner 
part of the siphuncle; and in some of the examples seen, offers a beau­
tiful illustration of that peculiar feature. The true siphuncle is very 
large, and owing to. its snbcentral position in the sheH, causes the 
septa, which are apparently always symmetrically situated on the 
siphuncle, to be strongly eccentric at their junction with the outer 
shell or sheath. In its size and general form this species resembles 
Orthocerasjtttsiforme Hal:, from the Black River limestone of N.Y., 
but differs in the more numerous septa, oval section, and beaded char­
acter of the siphuncle. 

Formation and locality. In the Trenton limestone (buff beds), at Hess' quarry, near 
Beloit, Wisconsin. 

0RTHOCERAS A NELL UM. 

Plate VII. Fig. 13. 

Orthoceras anellum- Conrad; Proc. Acad. Nat. Sci., Phila., 1843, p. 334. 
" '' (Con.) Hall; Pal. N.Y., Vol. I, p. 202, Pl. XLIII. Fig. 6. 

Geol. Rept. Wis., 1862, Vol. I, p. 422. 

Shell of small dimensions, the diameter of the tube seldom seen to 
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exceed five-eighths of an inch, and usually not more than half an inch; 
rate of increase very gradual, the expansion in the speci rnen figured 
being only an eighth of an inch in a length of one and three-fourths 
of an inch, beyond which' point it again as l'apidly decreases in diame­
ter. Iu the rock, the matrix was seen for a length of nearly four 
inches belo\V the part preserved, showing the diameter to be nearly 
uniform. Tube cylindrical and strongly annulated by encircling rings, 
which are narrow and rounded on the crest, the spaces between being 
somewhat wider and regularly concave. Annulations slightly vary­
ing in distance in different portions of the tube; on the specimen re­
ferred to, there may be counted· eight in the upper part and nine in 
the lower part in the space of an inch. Septa very moderately con­
cave, arranged one to each annulation, uniting with the external shell 
at the bottom of the depressions. Siphuncle small and subcentral. 
Surface of the shell only known by the impression in the matrix, where 
it has the appearance of having been smooth. 

This species is somewhat variable in its characters, some individu­
als noticed being so nearly uniform in thei~ diameters that it is difi1-. 
cult to determine the increase; while in others the rate of increase is 
much more rapid, though these latter are usually of smaller size than 
the others, some being noticed of less than an eighth of an inch iu 
diameter. The individual figured has the peculiarity of decreasing in 
size toward the upper extremity, as well as of having the annnla­
tions proportionally more distant in the upper part, thongh as this 
portion of the tube is without septa, it might be inferred that it was 
a.n adult individual, and that these \vere features of maturity. The 
specimen is also somewhat ·curved throughout its enti~e length, but 
as other individuals noticed appear straight, it is to be infe·rred that 
this is probably an accidental condition. The New York specimen8, 
on which the species was founded, have the surface marked by fine, 
even, longitudinal strim, which are separated by flattened spaces of 
four or five times the width of the strire. This featut·e has not been 
noticed on the Wiscon-sin specimens, but the state of preservation is 
such that features of this kind might not be preserved. Except for 
the want of this feature, they are so nearly alike that there i::; no rea­
so~able question of their specific identity. 

Formation and loca,lity. In the buff limestones of the Trenton group; at Beloit, 
Janesville, and other localities in southern Wisconsin, occurring at nearly all horizons 
in the formation. 
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0RTHOCERAS PLANOCONVEXUM. 

Plate VII. Fig. 1.4. 

Orthoceras planoconvexum -Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 47, and Geol. 
Rept. 1862, Vol. I, p. 442. 

Shell of medium size, somewhat rapidly expanding from the apex 
to the upper end; a fragment measuring about three inches in length 
and having a transverse diameter of half an inch at the smaller end, 
increases to one and one-fourth inch~s at the larger end; transverse 
se.ction planoconvex, or nearly so; one side being very depressed con­
vex and the other having the curvature three or four times as sharp, 
and the short diameter of the tube a little less than half that of the 
other diameter. The most convex surface often presents a slight 
angularity along the middle. Lateral margins rounded. Septa closely 
arranged, six of the chambers just below the outer one, in the example 
figured, measuring half an inch, and showing no perceptible increase 
in distance in different parts of the tube, so far as can be determined 
by the examii:1ation of this and several other individuals. The septa 
appear rather deeply concave, as t:een from edge to edge of the tube, 
but not perceptibly so in a dorso-ventral direction. Siphuncle quite 
small, centrally situated on the flattened side, and close to the outer 
~hell, but not in contact. Surface of the shell marked only by con­
centric undulations, indicating strire of growth. · 

This species is riot uncommon, but is peculiar in the distinctly 
planoconvex character of the transverse section; in this feature differ­
ing from aU others of the same geological formation. There are other 
Cephalopods occurring in the same formation and locality, having. this 
feature to a limited extent, but none so decidedly unequal as this one. 
It is possible the shell should be referred to the genus Oyrtoceras, 
rather than to Ortlwce'ras/ but none of the individuals examined 
show the slightest curvature; still the lateral position of the siphuncle 
would indicate its close relationship to the slightly curved form~ herein 
described, and shown to be unequal sided. 

. . 
Fm·mation and locality. In the hard layers of the bluish buff limestones of the Tren-' 

ton group, l::elow Carpenter's quarry, near Beloit; and also at Janesville, Wisconsin. 

ENDOCERAS HALL; CAMEROCERAS AND DIPLOCERAS CoNRAD. 

The two genera, Endoceras Hall and OamrJroceras Conrad, appear 
.to be very closely allied, if not identical forms; Oam(3roceras being 
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founded upon a species (0. Trentonensis) possessing an inner sheath 
or tube which is permanently attached to' the septa in precisely the 
same manner as that of Endoaeras, and differing simply in its lateral 
position, beaded form, and more gradual expansion. The permanent 
inner sheath or tube of Endoaeras is not always central; is perma­
nently attached or anculosed to the septa through which it passes, and 
if slightly expanded in the chambers, would present the annulated or 
beaded charaete.r shown in Oarneroaeras (see Pal. N. "'f.;Vol. I, Pl. -, 
fig. 1, which is not a septate inner tube, but only annulated by ex­
pansions within the chambers, as the specimen shows). There is a 
difference, however, in the more rapid expansion of the tube in En­
doaeras, and in the occurrence of one or more additional and appar­
ently free tubes within the first or permanent tube; a feature, so far, 
not observed in any example of Oameroaeras. Th~s, then, would ap~ 
pear to be the only essential difference, and one only occasionally oc­
curring, as by. far the greater number of individuals of Endoam·as 
possess only the first or permanent inner tube. So the difference be­
tween the two genera Wi)n1d thus be reduced to the ·lateral position of 
the permanent tube or siphuncle, and an occasio·nal occurrence of ad­
ditionai free tubes (or young) within the permanent one. 

In 1842, Mr. Conrad proposed the genus Diploaeras for a shell (D. 
Vanuwemi) obtained from the Trenton limestone, which, according 
to his outline figure, given on Plate XVI, fig. 2, Vol. 8, Jour. Acad. 
Nat. Sciences, Phila., 1842, appears to have possessed an inner tube 
of large size, surrounded by septa and an outer tube, the inner 
one being near one side of the outer one. The specimen from 
which this outline figure was made must have possessed all the es­
sential features of Endoeeras, and is probably identical with .E ... 
proteiforme. 
. Mr. Conrad's description, both generic and specific,. is very obscure 
at?-d unsatisfactory, but he undoubtedly had before him a specimen of 
E. proteiforme which had been broken or worn away to below the 
center, exposing its internal structure. Mr. Conrad's description is 
as follows: 

"Straight; siphuncle not central nor adjoining the margin; a. longi­
tudinal arched septum starting from the margin and dividing the 
transverse septa. 

"This genus occurs in the same limestone with the last (Oamm'o­
ceras Trentonensi8), and is very distinct. The.following species was 
found by" Mr. V anuxem at Tre~ton Falls. 

"DIPLOCEI{AS VANUXEMI, Pl. XVI, fig. 2. s.iphuncle large; septa 
numerous; exterior smooth." 
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The following species possesses features which allies it tJ both h'n­
doceras and Oameroce1·as. 

ENDOCERAS (0A:MEROCERAS) SUBANNULATU::M:; D. Bp. 

Plate VII. Figs. 15 and 16. 

Sl~ell of moderate or large size, and moderately expanding from the 
apex to the outer chamber, the rate of increase being about three­
eighths of an inch in a length of four inches, or less than one­
eighth of the increase in length in a slightly compressed specimen. 
Section oval, the relative diameters being as three to four. Surface· 
of the shell marked by closely arranged concentric undulations which 
encircle the tnbe" and are arched upward in crossing the narrower sides 
of the shell. The undulations form low, rounded ridges with concave 
intere.paces and count about six in the length of one inch. There are 
also ind~cations of finer lines of growth of which four or five occur 
on each annulation. Septa deeply concave, arching upward on the 
sides of the shell, corresponding in this feature, and also in their dis­
tance from each othei· to the undulations of the surface. Inner tube 
(or siphuncle) proportionally large, fully eq naling one-half the shorter 
diameter of the outer tube, situated on one of the flattened sides of 
the shell and almost in contact with the outer tube; its surface straight 
·or destitute of any expansion between the septa, but marked by oblique 
lines o1· slight ridges whet~e the septa have been broken from around 
it, their obliquity corresponding to the concavity of the septa. 

This species somewhat resembles Endoceras annulatum, Hall 
(Pal. N.Y., Vol. I, p.207;· Pl. 44, Fig.l); but differs in the strength 
of the annnlations, which are c,nJy ·about half as large, and in a corre­
sponding difference in the distance of the septa. The transverse sec­
tion of that ·species is round, while, this is oval, and this latter feature 
in our species is a natural one, as is very distinctly shown by the arch­
ing upward of the septa on the sides of the shell, which if the form 
was due to cornpression,_wonld not occur. 

Formation a.nd locality. In the upper part of the buff limestone of the Trenton 
group, at Hess' quan-y, near Beloit, Wisconsin. · 
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GENus OYRTOOERAS, Goldfuss. 

0YH:f0CERAS PLANODORSATUM; ll. sp. 

Plate VII. Figs. lQ-12. 

Among the collections made from the lower buff or bluish-buff 
limestones near Beloit, there exist several specimens of a Cyrtoceras, 
presenting features so unlike any.previously described species that it 
is readily distinguished, and as it has been noticed as yet only in the 

·lower beds, it may prove a characteristic species of that horizon. The 
form is but slightly curving, the degree of arcuation being not more 
than one-sixteenth of the length; or, the curvature being one-sixteenth 

. of an inch in a length of one inch. The tube is but slightly expand­
ing, and i~ unequal sided; the dorsal side being very depressed con­
vex to near the edges, then more abruptly curving, while the ventral 
or inner side of the tube is very convex, forming a segment of a broadly 
oval figure, the tmnsverse section appearing as an oval with one side 
pressed nearly flat, the short diameter being a little more than two­
thirds as great as the lal'ger. Among the specimens noticed, there are 
but few septa preserved, the lower portion ~eing represented only by 
the cavity in the rock; where any are presenTed, they are closely ar­
ranged, moderately concave, and very regular in their distance. Si­
phnncle minute, nearly marginal at the middle of the flattened side. 
Surface madmd only by concentric strim of growth, which indicate a 
broad, shallow sinus in the outer margin, on the flattened side of the 
shell. 

The unequal sided form, nearly straight tube with slightly increas­
ing diameter, are distinguishing characteristics. 

Formation and locality. In the lower part o£ the buff limestones of the Trenton 
group, below Carpenter's quarry, and at the railroad quarries, three miles above Beloit, 
Wisconsin. · 

0YRTOCERAS CAMURUM. 

Plate VII. Figs. 7 and 8. 

CyrtQceras carnurum-Hall.; Pal. N.Y., Vol. I, p. 19SJ Pl. XLII, fig. 6. 

Shell of moderate size, and of only a moderate degree of curvature, 
the outer circumference of the coil, at least of the outer three inches, 
forming an arc of two and a quarter inches radius; or of a circle o·f 

. fou.r and a half inches diameter. The increase in size is also very 



232 PALJEONTOLOGY. 

gradual, being only three-sixteenths of an inch in a length of two 
inches. Transverse section of the tube nearly elliptical, or very 
sHghtly ovate; the narrowest part of the ovate figure being at the 
dorsum; the greatest diameter being in a dorso-ventral direction, and 
the two diameters being as a little more than four is to five, in the 
upper part of the shell; but the diameters appenr to change somewhat 
below, the difference being a little greater. Septa Yery slightly con­
cave, more deeply so in a dorso-ventral than in the opposite direction; 
strongly curving upward for the outer third of their length, being 
more abruptly bent a little outside of a central line; rather compact 
in their arrangement, six of the chambers occupying a space, when 
measured along the dorsum, equal to the greatest diameter of the upper 
one counted. Outer cham her as long or longer than its greatest 
diameter, and very slightly constricted a little below the outer bor­
der. Siphtincle rather large, situated close against the dorsal surface 
of the shell, generally showing along the back of the internal casts, 
and slightly expanded lvithin the chambers. 

Surface of the shell smooth, so far as can be detected, either on the 
cast or in the· m.atrix, no markings except a few lines of growth being 
apparent. 

The specimens found at t!Je west closely resemble those of the species 
from New York, both in the moderate degree of exp~nsion and the 
sligh~ curvature, as well as in the smooth surface of the shell. The 
species is readily distinguished from others found associated with it 
by these characters; differing from them all in the slight curvature; 
nearly equal sized tube, and in the elliptical section. 

Formation and locality. In the Buff limestone of the Trenton group, at Hess' quarry, 
near Beloit, Wisconsin, where it is quite abundant, being more frequently met with than 
any other form of cephalopod1 so far as I have observed. 

GE~us ONOOCERAS, Hall. 

0NCOCERAS MUMIAFORME; D. sp. 

Plate VII. Figs. 3-5. 

Shell of small size, the largest individual observed scarcely exceeding 
half an inch in its greatest diameter, and with a length of proba~ly two 
.inches. Form gradually expanding from the apex to the base of the 
outer chamber, abov~e which it rapidly contracts, until within a distance 
of the last septum, much less than its diameter, it is only about two­
thirds of the greatest diameter, and is then again expauded to the aper-
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ture. Shell slightly curving throughout, appearing more strongly 
arched ~n the outside near the upper part, or just below the constric­
tion of the outer chamber, owing to the contraction being more on the 
outer surface than on the inner side. Transverse section nearly circular, 
the inner side being just perceptibly less convex than the outer surface~ 
Septa shallow or but slightly concave, arching upward on the inner side, 
and broadly sinuate on the back; distantly arranged in the lower part 
of the tnbe, becoming more crowded in the upper portion, at least for 
the three or four upper chambers.· In the lower part of the tube, four 
chambers occupy a space equal to the diameter of the upper portion 
of the outer one' measured. Siphuncle central, ~ninute. Surface 
smooth, so far as can be determined by the specimens, which are all 
internal casts or impressions of the exterior. 

The species has somewhat the charaCter of 0. constr~ictum Hall, 
from the Trenton limestones of New York; but is much less rapidly 
expanding, proportionally more slender, and much less strongly . 
arcuate. 

Formation and locality. In the Lower Buff limestone of the Trenton group, below 
Carpenter's quarry, near Beloit, Wisconsin. 

ONCOCER.A.S P.A.NDION. 

Plate VII. Fig. 6. 

Oncocems pondion-Hall;, Rept. ,Prog. Geol. Surv. Wis., 1861, p. 45, and Geol. Rept. 
Wis., Vol. I, pp. 41 and 441. 

Comp. 0. abruptum-Hall; Rept .. Prog. Geol. Surv. Wis., 1861, p. 44. 

Shell of medium size, of rather robust habit, strongly curved, and 
rather rapidly expanding from below, upwards,. to near the base of the 
outer chamber, which is very gradually converging to near the ·aper­
ture, when it is suddenly contracted. The rate of. increase in the 
diameter, .in the specimen figured, is equal to two. thirds of the diam­
eter of the smaller end of a eection measured, in a length of one inch 
along the back of the shell; transverse diameter of the tube broadly 
ovate, the greatest diameter being in a dorso-ventral direction; dor­
sum ·narrowly subangular, and the inner face broadly rounded; the 
greatest transverse diameter is on the inner side of a central line 
drawn along the side of the shell, and the two diameters of the sec­
tion are as five and six; septa moderately distant, strongly arching 
forward on the dorsuU} and moderately concave; from seven to ten 
of' the septa may be counted in the space of one inch on the back of 
the shell near the upper part, but they gradually decrease in distance ' 
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below; this feature varies somewhat in different individuals; siphuncle 
.rather large, situated j nst within the shell on the back, and slightly 
expanded within the chambers. The surface of the cast is marked by 
indistinct longitudinal ridges, arranged at pretty eq nal distances from 
.each other, but gradually diverge with the increased diameter of the 
.tube; in the lower part of the specimen figured, there are about four 
in the space of one-fourth of an inch; these ridges do not appear to 

·pertain to the exterior .surface features of the shell, but are probably 
the result of the musculat; attachme.nt of the animal to the shell; for 
although they mark the filling of all the chambers below, they are not 

·apparent on that of the outer chamber, except at its lower margin; a 
similar marking is often observed surrounding the base of the outer 
chamber of other species of this and allied genera, more especially on 

. those of Gom1Jhooeras and PhPagmooeras, which can only be the re-
sult of muscular attachment. 

This species is most readily recognized by its abruptly expanding 
form and curvature, _coupled with the form of its transverse section; 
the longitudinal ridges are not always present, a~ may be seen on the 
example figured by Prof. IIall, Geol. "Rept. Wis., Vol. I, p. 44. From 
comparison with the type specimens of 0. abrupt1.111n of the same au­
thor, we are inclined to consider them as of the one species, the longi­
tudinal ridges on that one being the only point of difference between 
them. This feature of ridges, arising from tho recession of the scars 
of muscular attachment, is one that would readily vary in different 
individuals, as the scar would be deep only on specimens where the 
shell was thickened by excessive deposit; while others, having thinner 
shells, would not possess them sufficiently deep to leave the thickened 

. ridge on the inside of the shell. 

Formation and locality. In the buff limestone o£ the Trenton group; at Carpenter's 
quarry, Beloit, Wisconsin. 

0NCOCERAS BREYICURV ATUM; n. sp. 

~late VII. Fig. 2. 

Shell of rather small size, very sharply curved throughqnt its 
length, and very. abruptly expanding from the apex to the aperture; 
the rate of increase being about as one to four, as compared with the 
length; the diameter doubling in a length ·equal to four times the 
diameter of the part measured, the length measured on the outer 
curve. Transverse section nearly circular, the dorso-ventral diameter 

. only perceptibly smaller than the lateral diameter, and the ventral 
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surface a little more flattened than the dorsum; the latter being very 
slightly angular. Septa nwderately concave, not arching upward on 
tbe back; about six charribers occupying a length equal to the diam­
eter of the outer one of those counted. Siphuncle small, situated just 
within the dorsal surface. .Sur~ace smooth. 

This species in many respects resembles Oncoceras abruptum I-Iall, 
Rept. Prog. Geol. Snrv. Wis., 1861, p. 44 (= ~ 0. pandion), but dif- ... 
fers in the abruptly curved form, and in the· nearly circular section of 
the shell; the variation of diameters, although very slight, being in 
the opposite direction to what it is in that species. 'l'he specimens 
show no evidence of contraction of the outer chamber near the aper­
ture, but may possibly be immature. 

Formation and loca-lity. In the upper part of the buff limestones o~ the Trenton 
group, at Hess' quaJ.Ty, near Beloit, Wisconsin. 

GENus G YROOERAS, D'Konnick. 

GYROCERAS D UPLICOSTA 'l'UM. 

Plate VII. Fig. 1. 

Gljroceras duplicostatum- Whitj.; Ann. Rep. Geol. Surv. Wis. £or 1877, p. 78. 

Shell rather small, seldom exceeding two and a half inches across 
the coil; consisting of one and a half to two or more slender, 'mod­
erately increasing, loosely coiled volutions, which are not in con­
tact, and gradually increase in distance with the increased growth of 
the shell. 8t!ction of the shell circular, and from half an inch to five­
eighths of an inch in diameter, at the end <;>_f one and a half volntions. 
Surface of the shell marked by closely arranged, sharply elevated, 
rounded, encircling costa, separated by wider interspaces, which are 
mostly occupied on the dorsal half of the shell by smaller additional' 
or intercalated costa, which do not extend beyond the middle of the 
side. Costa bending slightly backward in crossing the side of the 
volution from the inner to the outer surface, and strongly arching 
forward in crossing the dorsum. 

Formation and locctlity. In the Trenton limestone, at Bristol, Dane county, .and in the 
bluish-bufl:' beds below Carpenter's quany, near Beloit, Wisconsin. 
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CRUSTACEA. 

GENUS ASAPllUS, Brong. · 

AsAPnus Sus...E. 

PlateV. Fig. 3, and Pl. X. Fig. 8. 

Asaphus Susce- S. Calvin; in MS. 

Body, when entire~ more or less oval, the anterior and posterior ex­
tremities almost alike in form, the anterior border a little more sharply 
rounded than the other, and the sjde.s of the body along the edges of 
the thorax straight. In profile, the body rises gradually from the mid­
dle of the caudal plate, along the thorax, and to the anterior ~order of 
the eyes; in front of which it abruptly declines to the front margin 
of the head. Propor~ional width and length about as ten and twelve. 
In the specimen figured, the breadth is apparently somewhat g1·eater, 
being as nine is to twelve, owing to the partial overlapping of two of 
the thoracic segments . 
. . Cephalic shield crescent-form; the occipital line having a much 

longer curvature than the outer border, and the length, along the 
median line, equal to two-fifths of the transverse diameter, the sides 
of the head extending backward some distance behind the central por-

·tion, and. the genal angles rounded. Surface very convex in the mid· 
die, and nearly level on the top between the eyes, which are very dis­
tant, large and exceedingly prominent) strongly reniform, situated 
less than their length from ·the occipital border, and their visual 
surfaces highly convex. Faci~l sutures rounding outward in front of 
the eye for half the distance, then rounding rapidly in\vard and unit-

. ing in the middlejust above or on the' margin, ina very obtuse point. 
Behind the eye they are directed backward and outward, reaching the 
posterior border at a point about one-third the width of the lateral 
lobe from the dorsal furrow; the posterior lateral limbs being about 
twice as long ~s wide. 

Thorax short, strongly lobed longitudinally, and consisting.of eight 
short articulations, which are nearly flat on their exposed surfaces 
from front to back, and their free extremities rounded. Axis convex, 
about ouce and a half as wide as the lateral lobes, and very slightly 
narrowed posteriorly. Lateral lobes horizontal for a short distance 
outside of the dorsal furrow, the flattening scarcely visible on the an­
terior segment, but gradually increasing in length to the sixth seg-
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ment, when ·it again diminishes posteriorly. Beyond the horizontal 
part, the segments are abruptly .bent downward, and the articulating 
face of the free .pleura extends almost the entire width of the rib. 

· Pygidium depressed convex, transversely subelliptical, th~ length a 
little more than half the width, posterior margin almost regularly 
arcuate, and more strongly curved than the anterior border; so that a 
line drawn across the plate from the two outer angles would cross at 
about the anterior third of the length. Lobation very indistinct, the 
dorHal furrows being scarcely perceptible except near the anterior 
margin, and:. the articulation only faintly traceable.·. A perceptibly 
depressed fu.rrow ·extends along the sides just within the margin .. 

Formation and locality. In the limestones of the Trenton group. The example fig .. 
ured was obtained at Apple River, just across the Illinois line. 

ASAPHUS HOMALONOTOIDES. 

Plate V. Fig. 4 . 

.A.saphus homalonotoides- Walcott; 31st Rep. State Cab. N. Y., p. 71. 

Species known only by"tbe pygidinm, whjch i~ almost equilaterally 
triangular in outline, the breadth aeross the anterior margin exceed­
ing, by a very little, the length of the side from the antero-lateral. 
angle to the posterior extremity; anterior margin arcuate; posterior 
extremity obtusely pointed, and the lateral margins nearly straight or 
a little rounded' in the upper part; surface of the plate moderately 
convex, the lateral lobes rather flattened on the. inner half, outside of 
which they slope rapidly and are again recurved near the outer border, 
]eavi'ng a concavity just within the margin; axial lube very depressed 
convex, two-thirds the length of the plate, and co!llparatively narrow; 
wide on the anterior margin, but rapidly contracting to the middle of 
its length~ and less rapidly behind; the extremity obtusely rounded; 
anterior extremity marh:ed by a scarcely perceptible ri~g, beyond 
which it is smooth; lat~ral lobes marked only by a single broad, dis­
tinct and deep furrow near the front margin, on the inner. part; but 
which becomes obsolete before reaching the margin; articular slopes 
of the antero-lateral angles w'ide and very oblique, truncating the 
outer ·a,ngles. · 

The species is peculiar for its triangular caudal shield; differing in 
this respect from· any heretofore described species. 

Fm·mation and locality. In the blue limestone of the ·Tre~ton group, in the bed of 
the creek on Sec. 5, T. 5, R. 5 W., Grant county, Wisconsin. · 

' 
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GENUS ILL1ENUS, Dalman. 

lLL..ENUS OV.A.TUS. 
J • 

Plate V. Figs. 1· and 2. 

Thalliops ovrrtus.-Conrad; Acad. Nat. Sci., Phil., Vol. I, p. 332, 1843. 
Thdlliops (lllcenus) ovatus-(C01wad)Hall; Pal. N.Y., Vol. I, p. 259. Pl. 67, fig.6. 

Body small, broadly obovate, widest across the base of the cephalic. 
shield, distinctly but not strongly trilobed. Cephalic shield semi-. 
ovate or somewhat paraboloid in form, very highly convex, rounded 
in front, and hal'f as long as wide, exclusive of the very smaU movable 
cheeks, the genal angles of which are produced late1:ally into short, 
blunt; or obtuse spines, extending beyond the limits of the throax to, 
a distance equal to about one-third of the width of the axial lobe. 
Eyes sub.peduncnlated. Dorsal furrows distinct on the posterior 
third of the head, but obsolete forward of that joint. Glabella be­
tween the dorsal furrows convex, eqnaling n:iore than one-third, but 
less than one-half of the width of the head. Occipital furrow and 
ring very faintly marked even on the larger specimens, the ring 
rounding backward beyond the posterior line of the bead. 

Throax wider than long, composed of ten short, smooth, slightly 
convex articulations; axial lobe depressed convex, regularly tapering 
posteriorly, narrower than the lateral lobes, and the segments strongly 
arching forward in the middle; lateral lobes flat for more than half 
their width from the axis, and then rather sharply bent downward, at 
an angle of more than fifty degrees, and the segments also strongly 
curved backward. · 

Pygidinm short and broad, twice as wide as long; axis convex, 
very little more than half the length of the shield, obtusely rounded 
and prominen.t at the extremity; rings usually very obscure; margins 
of the plate smooth and abruptly declining. 

Surface of the head covered on nearly all parts except near the front 
margin, by small, deep punctures; that of the throax and pygidi urn 
being entirely smooth. 

The specimens of the species noticed from Wiscousin are of the 
usually small s_ize, the largest head observed measuring about one 
inch petween the extremities of the eyes, tLe peduncles of whi.ch pro­
ject ~aterally and horizontally, and are about one-sixteenth of an inch 
in length. 

Formation and locality. The detached heads and caudal p]ates are not uncommon 
in the buff and blue limestones of the Trenton group, at most of the quan-ies near Be­
loit, Wisconsin; and a single entire individual was obtained at the quarry of Mr. Hess, 
near that place. 



SPECIES MORE PARTICULARLY CHARACTERIZING THE. 
GALENA LIMESTONE. 

0 

GENus RECEPTACULITES, ~e.France. 

RECEPTACULITES OwENI. 

Plate X. Fig. 7. 

Receptaculites Oweni-Hall; Repto Prog., Geol. Surv. Wis., 1851, p. 13; Geol. Rept.' 
Wis., 1862, p. 46, Fig. 2, and p. 429. 

Coscinopota sulcata- Owen (not of Goldfuss): Rept. Geoi. ;Expl. of Iowa, Wis. and 
111., 1844, p. 40, Pl. VII., Fig. 5. 

Receptaculites Oweni-(Ilall); M. and W. Geol. Rept. Jll.,Vol. Ill, p. 302, Pl. II, Fig. 3. 
Comp. Receptaculites occidental is- Salter; Can. Org. Rem. Dec. I. 

Body, as preserved foss"n throughout the Lead Region, consisting 
of broad expanding discs, varying in size from those of a few inch~s. 
in diameter to others of twenty or more inches. Discs thin in sub-' 
stance, increa.sing in thickness from an eighth of an inch near the 
center, to almost an inch near the margin of large individl}als; ch·cu­
lar in form, flattened or more or less undulating, but usually marked 
ir:t the center or at the initial point by a small, somewhat deeply fnn-· 
nel-formed depression, which appears to have Qriginated in a point of 
attachment during the earlier .stages of growth; after which the body 
became more expanding and undulating, as well as thicker in sub­
stance. The substance of the fossil is filled with circular cell-like 
perforations, placed perpendicular to the plane of the disc, and ar­
ranged in curved or concentric lines or rows, which radiate or diverge 
from the central point, and the cells gradually increase in dimensions 
as they approach the margin of the disc; but with frequent inter­
calated rows. The cells are so arranged as to form circular and often ° 
direct radiating lines, as well ~8 the 'concentrically curved lines above 
mentioned. Cell apertures on the lower side, nearly as large as the 
body of the cell within, with the margins excavated or flaring, forming. 
sharply angular surfaces on the partition walls; but on the upper sur­
face they are contracted to about half the diameter of the tube within, 
and the aperture is rhombic or quadrangular, with walls, which are . 
variously ornamented according to the condition of preservation and 
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the compactness of the arrangement. The walls on the outer portion 
of large individuals, where they are much thickened and well pre­
served, show peculiar markings resembling radii, but which are prob- · 
ably the impressions of the stolon-like branches or randfications, 
describe~ by :Mr. Billings in his excellent ob~ervations on the genus, 
published in the Palooozic Foss. of Canada, Vol. I, p. 282, as arising 
fron1 the contracted portion of the cell and passing along the inner· 
surface of exterior ernst or wall of the disc; and not true rays~lil~e 

. ·. ·those of a coral. It should be remembered, in examining these bodies · 
as they occur in'tlie dolomitic limestones o£ the west, that they are 
only internal casts of th~ organism, and not the substance itself; that 
~he substance now occupying the spaces between the cylindrical cav · 
ities is only the filling of spaces that existed between the true cells, 
which were themselves, in all probability, hollow cylinders opening 
o.n the exterior surface of the body. Taking this view of .them tl:e 
corrugations or constrictions occurring within the present tubes would 
not represent transv~rse septa, as surmised by ·Messrs. }leek & Wor­
then, loc. cit., dividing them into chambers like those of Jlavosites, 
but merely currugations or wrinkles, on the exterior of a tube, formed 
by the excess of deposit or irregularity of growth, and the apparent 
rays, referred to by Prof. I-Iall, surrounding or marking the rhombic 
apertures are only the impression of ridges on the inner surface of 
the exterior crust of the body. . 

The exterior surface of the shell of the organism has probably been 
smooth, or nearly so, as indicated by the surface of fragments of rock 
adhering to some of the specimens examined. This feature, hovvever, 
might be readily determined by. an examination of the matrix of some 
of the larger individuals where well preserved. 

Mr. Billings has suggested, in his remarks, that the true form· of 
all these bodies was more or less globular, with an internal cavity in 
all, into which the waters of the surrounding seas were admitted 
thro11gh a central aperture; and that. these discoid remains, so com­
monly found, were only the basal portions of the organism from which 
the upper part had been broken. This could hardly have been the 
case in these forms, since if it were, some of them would probably 
have been found preserving some portion of the upper walls. ·Besides, 
some of the globular forms have been seen, in which the cell cavities 
reached nearly if not quite to the center of the mass; thereby indi­
cating that the central cavity was. very small, if it was not entirely 
obsolete. 

Formation and locality. In the limestone of the uppermost Trenton (Galena lime.: 
stone), throughout almost the entire extent of its distribution; not only in the lead-
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bearing portions, b~t at.the same horizon further north, ne.ar Green Bay, where they 
ooour of very large size, in thin bedded, shaly white lim'estones. · 

RADIATA. 

GENus HAL YSITES, Fischer • 
. : 

HALYSITES CATENULATUS. 

Plate X. Fig. 6. 

Tubipora catenulata- Linne; Catenipora escharoides- Lam. and otlzers. 
Halysites catenulatus- Fischer and later authors. 

Corallum forming irreguhi.rly hemispherical or exphmate masses of 
various sizes, composed of an aggr~gation of slender tubular .corallites, 
un'ited by their sides so as to form laterally extended rows or ranges 
of cells in a single series; but the rows so united to each other as to 
forni, by their intersecti~n, open intercellular spaces or ·meshes of va­
rious sizes. Corallites slightly oval in the direction of the ranges, 
and divided internally by transverse partitions at varying distances~· 

Outer surface of the ranges ·marked by a strong, roughened epitheca, 
marked horizon tally by strong lines, indicating the growth of the 
cells. Openings of the cells on the surface, when the substance of 

. the coral is preserved, presenting an appearance resem~ling the links 
of a ch,ain along the ranges. Longitudinal rays obsolete. 

Fragments of two individuals of this species hn.ve been 'found in 
the limestones marking the Upper Buff horizon of the Trenton group 
at Rockton, Illinois. The specimens differ from the ordinary form· 
of the species, as it occurs in the Niagara group, in its lax nnd 
irregular mode of growth. The expansions formed by the united 
corallites do not appear to have formed th~ regularly arranged inter­
cellular meshes, bnt to have been formed of two, three or many coral­
lites, which have sometimes been connected with those adjoining; or 
to have grown free, and to have formed folds, or grown winding, flex­
nose anq. c~:mtorted, as if for the want of support. I have noticed a 
similar mode of growth existing on Niagara group specimens some­
times, near the ·margins of a corallum, w.here some deposit of earthy 
matter or other accident has interfered with the regular growth, caus-

. ing a small portion to become separated from the surrounding parts, 
growing up without their support, and resulting in this irregular a.Jld 
distorted form. In the specimens found in the Galena limestone, the 
substance of the coral has been removed, leaving only the impression 

VoL. IV.-16 . 
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of the fronds; but aside from- the irregular growth, they present the 
features usually seen in similarly preserved specimens from the Niag­
ara group. 

BRACHIOPODA. 

GENus LING ULELLA, Salter. 

LINGULELLA IowENSIS • 

. Plate IX. Fig. 1. -

~ Lingula lowensis- Owen; Geol. Rept. Iowa, Wis. and Ill., 1844, Pl. XV, Fig. 1. 
Lingulaquadrata?-Ou,en; Geol. Rept~ Iowa, Wis·. and Minn., Pl. II B, Fig. 8. 
Lingula quadrata- (Eich.) Hall; Geol. Rept. Wis., Vol. I, p. 46, Fig. 1, and p. 435. 

(Eich.) M. and W. Geol. Rept. Ill., Vol. III, p. 305, Pl. II, Fig. 4. 
Oomp. Lingula quadrata- Eichwald, and other authors~ 

Shell large, broadly ovate, elliptical or subquadrate in outline, gen­
erally a little narrower above the middle of the length than below; 
upper end very obtusely angular; the cardinal slopes forming an angle 
with each other of about one hundred and twenty degrees; sides of 
the shell gen-tly rounded, and t~e basal line more sharply rounded but 
never truncate. Valves convex, the ventral valve most st:r:ongly so, and 
generall,y subangular along the mi(J.dle. Ventral beak projecting a 
short distance beyond the dorsal, and more pointed. The cardinal 
margins of the ventral valve are infolded, along their border, forming 
an imperfect cardinal area of a very perceptible width on well pre­
served specimens. 

Surface of the shell marked by stro~g, irregular lines of growth at 
irregular distances, the outer margins of ~hich are slightly raised and 
free, presenting a strongly lamellose appearance under a magnifier; 
the spaces b~tween being smooth and often polished. On exfoliated 
specimens, and more distinctly on internal casts, the surface is very 
strongly radiated qy fine, ftatten~d, but irregular strire for from one­
third to one-half the length of the shell, and on nearly the entire width 
along the basal line; ·but a little higher on the sides th~y lose their 
regularity and become 'broken and wrinkled as w~ll as .more strongly 
divergent. The strire are apparently confined entirely to the internal 
surface of the shell, and are not at all visible on the shell itself. On 
the inte~nal casts of the more thickened shells, there is a deep groove 
of considerable width, extending from a little below the beak for one-. 
third~ or more th')n one third, the length of tho shell,. representing an 
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elevated, thickened, median rib on the inside of the shell; indicating 
relations to the genus JJignom·ia .HalL 

This species has usual1y been referred to Lingula qttadrata of Eich­
wald, a Rncsian species, and it is possible that it may be identical; 
but in the absence of true specimens of that species for comparison, 
and the possession of some peculiar hinge features existing on this 
one, we should prefer to retain Dr. Owen's original name of L. 
lowensis, with a change to the genus Lingulella: 

Fm·mation and locality. The species appears to be confined entirely to the lead bear­
ing or Galena limestones, at the top of tlie Trenton, and is quite abundant at that 
horizon throughout the greater part of the lead bearing portions of the formation. 

GENus HEMIPRONITES, Pander. 

HEMIPRONITES Al\IERICANUS. 

Plate X. Figs. 15-17. . -

Hemipron-it~s Americanus- Whiif.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 72. 

Shell of medium size, subparaboloid or subquarangular in outline, 
hinge-line &traight, and as long as the width of the shell below, the 
sides of the shell somewh~t straightened, ·and the front rounded or 
round-truncate. 'When viewed in profile, the form is plano-pyra­
midal, the dorsal side flat or even depressed along the middle, with 
a narrow or linear area. ventral valve pyramidal, half as high as 
long, and having a small, pointed and slightly incurved beak. Area 
high, with a large, ·closed deltidinm. Surface of the shell marked 
by fine, radiating strire, which are crossed by strong, concentric lines 
of growth at irregular intervals. 

This species resembles, to some extent, the forms referred by Mr. 
Billings to Ortldsina Verneu.ili Crip., but wants the large area on the 
dorsal valve of the typical forms of that genus. It however corre­
sponds closely to the form known as Ort!l.is lwmipronites, which pos­
sesses only a small horizontal area on the dorsal valve, and which n.os­
sesses internal septa in th~ venti-al valve entirely different from those 
of Orthis anomala. 

Formation and locality. In the upper portion of the Trenton group (Galena horizon), 
at Oshkosh, Wisconsin~ 
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GASTEROPODA. 

GENUS MUROHISONIA, D'Arch. & Vern. 

M URCHISONI.A MAJOR.-

Plate IX. Fig. 4. 

Mttrchisonia major-Hall; Foster & Whitney's Lake Sup., p. 209, Pl. XXVI, Fig. 1. 
Comp. M. bellicincta-Hall; Pal. N.Y., Vol. I, p. 179, Pl. XXXIX, Fig. 1. 

Shell large, strong and robust, gradually and rapidly tapering 
throughout; spire elevated, consisting of six or eight strong, very 
ventricose and compactly coiled volntion~; which are separated by 
deep, well marked suture lines. Apical angle about thirty degrees in 
the more slender specimens, ·but often much greater. Aperture round­
ovate; inner lJp straight for a slwrt di.stnnce, slightly prolonged be­
low; its exact form not ascertained. Axis imperforate. Surface of the 
shell unknown, but no markings are pr.eserved on the casts. Length 
sometime~ as great as fonr and a half inches, by a diameter across the 
body volution of nearly two and a quarter inches. 

The speeies is a very variable one in some of its characters, espe­
cially in the proportional length and width of. the shell, as well as in 
the number of.its volntions within a given length. Sp.ecimens ~eferred 
to the species often occur, of not more than two inches in length, pos­
sessing as many volutions as others of nearly four inches in· length, 
and this variation not arising from the preservation of the smaller 
volutions in one case and not in the other, as m'ay readily be seen by 
the difference in the rate of 'increase between the two individuals ex­
amined. The same variations occur among theN ew York specimens 
referred to Jl. bellicincta, and it is possible there is more than one 
species represented in each locality; althon.gh, from the fact of the 
same varieties occurring at both places, I have been inclined to con­
sider. them as all . pertaining to the one, and to class them under· the 
sp~cific name, bellicincta. I am also of the opinion that none of these 
forms are true Murchisonias, as, so far as I have observed, none of 
them show any evidence of having been marked by a revolving band; 
but as no specimens showing the surface of the shell in a very satis­
factory manner have been observed, I am unable to fully determine 
their generic relations. 

Formation and locaUty. In the upper part of the Trenton group (Galena limestone), 
a.t Whitewater, Fond du Lac, PeM::ukee, Oshkosh, Neenah and at most of the localities 
where this bed has been detected. It is somewhat peculiar that it has not been detected 

I , 
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in the lower or true Trenton, at any point within the state, although many other spe-
cies with which it is associated in New York occur abundantly. · 

GENUS FUSISPIRA, Hall 

FusiSPIRA VENTRICOSA. 

Plate IX. Fig. 2. 

Fusispira ventricosa- Hall,· 24th Rept. State Cab., p. 229. Pl. VIII, Fig. 6. 

Shell elongate-ovate or elliptical in general form, the· point of great­
est diameter being nearly in the middle of. the length, and the last 
volution forming fully two-thirds of the entire length. Volutions 
ventricose, and rapidly increasing in size, from four to five in num­
ber, with a strong, distinctly marked suture line. Body volution ex­
tended below, forming a moderately long, slightly twisted or rimate 
columella or beak, which is truncate at the lower extremity. Aper­
ture obovate in form, broadest below the middle, and acutely pointed 
at the upper end. Outer lip thin and sharp. · 

Surface of the shell marked only by fine lines of growth, parallel 
to the margin of the aperture~ 

This species is distinguished from· all others of the genus yet de­
scribed, by the short. ventricose form and nearly equal lengths above 
and below the middle of the body volution. 

Formation and locality. In the upper part of the Trenton group (Galena limestone), 
at W aup~, Wisconsin. 

FvsiSPIRA EI.ONGAT.A.. 

Plate IX. Fig. S. 

Fusispira elongata-Hall; 24th Rept. State Cab., p. 229. Pl. VIII, Fig. 5. 

Shell elongate-fusiform, spire slender and much elevated, consisting 
(\f six or more volutions which. are long and only moderately convex 
on the surface, and gradually decreasing from the body whorl upward . ., 
Apical angle abou-t twenty, or between twenty and twenty-five de-
grees. Suture strong1y marked, ·appearing almost as if it had been 
channeled. Body volution rounded below more sharply than on the 
surface, and the columella prolonged to form a somewhat twisted, 
beak-like extension in front, imperfect in· the specimen. Aperture 
obliquely elongate-ovate, pointed at the .upper end and broad below; 
the length, exclusive of the anterior canal-like extension, being more 
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than once and a half as long as the greatest width. Surface of the 
shell apparently smooth, or marked only by fine lines o~ growth, par­
allel to the margin of the aperture. 

This species differs from F. ventricosa, in its greater length in pro-
, portion to the diameter. The beak, at the anterior extremity, is im­

perfect, as is also the upper end of the spire; but the type specimen 
figured by P1·of. 1-Iall, loc. cit., shows it to be nearly as long as the ex­
pande·d part of the volution, and very slightly twisted. 

Formation and locality. In the upper part of the Trenton (Galena limestone), at 
. Whitewater, Wisconsin. 

GENus MAOLUREA, Lesueur. 

llACLUREA CUNEATA. 

Plate XX. Figs. 5 and s: 
Maclurea cuneata-Whiif.; .Ann. Rept. Geol. Surv. Wis. for 1877, p. 75. 

Shell of medium size, attaining a diameter of three inches, and con·­
sisting of two o1· more volutions which increase very rapidly in size; 
lower ( ?) side of the shell flat, or very slightly concave between the su­
ture lines; the opposite side being depressed-conical between the outer 
margin and the central depression, with a vei·y slight convexity of 
the intermediate surface; ·outer margin of the volution slightly cum~­
ate; central depression very sinall in the casts, leaving but littl_e more 
~pace than would be occupied by the thickness of the shell. Trans­
verse section of the volution triangular. 

The species very closely resembles JI. ac'ltminata Billings, from the 
Quebec group (Pal. Foss. Can., Vol. I, p. 240, fig. 225), but is not so 
sharply angular on the periphery, with a less number o£ volutions and 
is also a much larger shell. . 

For·mation and locality. In the upper portion of the Trenton group (Galena lime­
stone), at Whitewater, Wisconsin. I have also seen a similar specimen from the same 
horizon, at Dubuque, Iowa. · 

MACL UREA SUBROTUND.A. 

Plate IX. Figs. 7 and 8. 

llfaclurect subrotunda-:- Whitf.; Ann. Rept. Geol. Sur. Wis. for 1877, p. 75. 

Shell rataer below the medium size, attaining a diameter of only 
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about one and ·a half inches, and composed of two very rapidly in­
creasing volutions which are almost twice as high as wide; the outer 
one being nearly vertical on the periphery, as it approaches the aper­
ture, and then rapidly rounding on the base and to the very small 
central depression. Lower ( ~) surface of the volutions flattened, the 

. two volutions being on the same plane. Surface of the shell not de­
termined. 

This species very closely resembles H. rotundata Billings, .of the 
Quebec group, of N ewfonndland (Pal. Foss. Can., Vol. I, p. 245, fig. 
231), but differs in the smaller umbilical opening, and in not having 
the inner volution projecting above the outer one on the flattened sur­
face. 

Formation and locality. In the upper portion of the Trenton group (Galena lime­
stone), at Whitewater, Wisconsin. 



SPECIES FROM THE SHALES OF THE HUDSON RIVER 
GROUP. 

RADIATA. 

G}~Nus OH.LETETES, Fischer. 

0H1ETETES FUSIFORMIS. 

Plate XI. Figs. 13 and 14. 

Ch(J3tetesfusiformis-Whitj.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 70. 

Oorallum forming small, solid, irregularly fusiform or subcylindri­
cal bodies, which are generally slightly curved, and vary from one­
fourth of an inch to one inch in length, and attain a diameter of 
nearly an eighth of an inch at the thickest· part in the larger individ- 1 

uals; extremities usually pointed, generally acute, when perfect; sur­
face covered by very minute, round or slightly oval cell pores, which 

·are separated by intercellular spaces of from less than one-third to 
nearly or quite two-thirds of their own diameter; intercellular spaces, 
marked by a few scattered intercellular pits, or a depressed groove, or 
oftentimes by an elevated line along the middle, which becomes ridge­
like, leaving the cell apertures spreading or excavated at the top. 

The species is peculiar only in its mode of growth; the cells being . 

1 
similar in form to those of many other finely-marked species of the 

·genus, and are quite variable in character, even on the same speci- · 
Jnen. The cells are directed slightly upward in their course from the 
axis, the stems appearing to be quite solid, although probably origi­
nally commencing their growth on some foreign substance. They 
show no cicatrix or point of attachment at the extremities, or evidence 
of having been rooted, and, exc'ept in a ~olitary instance, present no 
appearance of bifurcation: 

Formation and locality. In shales of the Hudson river formation of New York, at 
Iron Ridge, Wisoonsin. 
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GENUS MONTICULIPORA, D'Orb. 

MoNTICULIPORA REOTANGULARIS • 

. Plate XI. Figs. 11 and 12. 

Monticulipora rectangulm"is-Whiif.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 70. 

Corallum compound and ramose, the stems cylindrical and solid, 
with .distant bifurcations, and often attaining a diameter of three­
eighths of an inch. Surface thickly covered with closely set, moder-

. ately elevated, rounded tubercles; cell-tubes of moderate size, from 
ten to fourteen occupying the space of an eighth of an inch; generally 
quadrangular in form, though commoply polygonal; usually: arranged 
in concentrically curved row~, diverging from the 'center of a tubercle 
or forming segments of circles around them, on the upper side; cell 
walls very thin and sharp, not elevated to form spines at the angles. 

The species closely resembles JJ£. multituberculat(t, herein described, 
but differs in the quadrangular form of the cells, and in their mode of 
arrangement, and also in the absence of spines at the angles or the 
cells. In the form of the cells and in their arrangement, it is similar 
to .M. (Ciimtetes) q_uadrang.ularis Nicholson, but differs conspicu­
ously in the tuberculose surface, that species being said to be smooth. 
From .M.. (CAmtetes) quadrata Rominger, it differs in the great 
strength and elevation. of the tubercles, that one being t:imooth or hav­
ing the tubercles only slightly' developed. These differences in the 
strength of the surface tubercles, may be thought by some to be of 
but little specific value, still when coupled with other variations, and 
existing on large numbers of individuals at the same locality, they 
present a very marked and distinctive feature. 

Format·ion and locality. In shales of the Hudson river group of New York, at Dela­
field, Wisconsin. 

MoNTICULIPORA PUNOTATA. 

Plate XI. Figs. 3 and 4. 

Monticuliporapunctata-Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 71. 

Corallnm forming comparatively strong, solid, bifurcating branches, 
varying from_ an eighth of an inch to more than half an inch in diam­
eter, and attached by the base to foreign substances by a spreading, 
root-like expansion. The branches are densely covered by medium 
sized, moderately elevated, not confluent tubercles, which usually 
measure about a line, or a little more than a line, from center to cen­
ter; or if .measured in a direct series, numbering from ten to twelve 
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·in the space of an inch. The entire surface· of the branch, except the 
top of the tn bercles, is marked by fine rounded pits or pores of a nearly 
uniform size, divided by thickened walls, often slightly flattened on 
the edge; the pores number from six to twelve between the tubercles. 
The area on· the top of the tubercles not occupied by pores, is irregular 
in form, about one-fourth or one- third of a line across, and is marked 
by :fine, closely arranged puncta, which forms the distinctive character 
of the species. 

The species somewhat resembles Cluetetes sub-puJchellus, Nich. 
(Pal. Ohio, Vol. II, p. 196, Pl. XXI, fig. 6), but on comparison, will be 
found to differ in being composed of solid. branches, with elevated 
tubercles, the centers of which are solid, the puncta not forming cells 
or tubuli, as said to be the case in that species. These macnhe are 
also uniformly m ncb smaller in this one, never exceeding, so far as 
observed, more than a third of a line instead of a line in diameter. 
There is some faint indication of transverse partitions in some of the 
specimens, as seen in transverse sactions, but altogether too obscure 
to render their existence certain. 

Formation and locality. In soft shale of the Hudson River formation, at Delafield, 
and also at Iron Ridge, Wisconsin . 

.MONTICULIPORA MULTITUBERCULA'fA. 

Plate XI. .Figs. 9 and 10. 

Monticulipora multituberculata-Whitj.; Ann. Rept. Geol. Surv. for 1877, p. 71. 

Corallnm growing in strong, solid, more or less flattened stems or 
branches, with frequent and irregular bifurcations. Surface of the 
stems covered with rather strong and prominent, rounded tubercles, 
with concave interspaces. Cells of medium size, polygonal in form, 
and numbering from t~n to fourteen in the space of an eighth of an 
inch, those situated on the tubercles not differing materially from 
those on the interspaces. Cell-walls thin and sharp, without any ap­
pearance of intercellular pits or pores, and elevated at the angles of 
the cells to form low points. Cell tube divided by transverse parti­
tions, which in the outer part are placed at distances about equai to 
the diameter of the tube. 

This species resembles Chwtetes tuberculatus Ed. & Haime, from 
Cincinnati, Ohio, but differs in the flattening of the stems; more dis­
t.ant and heavier· tubercles, and in the character of the cells, which are 
innch largei.·, with thinner walls, and always destitute of intercellular 
pits· or ·pores. In general form, it very closely resembles Tremato· 
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pora tubermtlata IIall, from the Niagara shales of New York, both 
. in the mode of growth, flattening of the branches and form of tuber­
cles, but differs in the character of the ·Celis. 

Formation and locality. In shales of the Hudson River formation of New York, at 
Delafield, Wisconsin. ~ 

MoNTICULIPORA ( ~) OR TONI. 

Plate XI. Figs. 7 and 8. 

Cluetetes Ortoni-Nicholson; Pal. Ohio, ·Vol. II, p. 211, Pl. XXII, Fig. 3. 

Corallut:n parasitic on 'shell or other foreign bodies, forming thin 
incrustations over their surfaces, but fwm repeated growths, some­
times becoming moderately thickened. Surface of the corallum covered 
with :fine polygonal pores, or cells, and also by rather distant, sharply 
elevated, transversely elongated, and often solid tubercles of varying 
size and form, on which the pores often become obsolete. The cells 
or pores measure abou.t ten or twelve in the space of an eighth of an 
inch, and are separated by thin, sharp partition walls, which are ele­
vated. at the angles of the cells into short, obtuse, angular spines or 
projections, as seen in an oblique view. 

We have no hesitation in referring the Wisconsin specimens to the 
abo~e· cited species, although we have not been able to ·detect the 
"miliary tubercles" which are said to crowd the walls of that one; 
but unless there are more than o~e species among the Cincinnati 
specimens, differing only in the presence or absence of these peculiar 
.granuiations, we feel certain that it is not a constant feature. 

Formation and locality. In the soft shales of the Hudson River formation, at Dela­
field, Wisconsin. 

GENUS ALVEOLITES, Lamarck. 

ALVEOLITES IRREGULARIS. 

Plate XI. Figs. 1 and 2 . 

.Alvwlites irregula'ris- Whitf.; Ann. Rep. Geol. Surv. Wis. for 1877, p- 72. 

Corallurn forming solid, flattened branches of irregular form, or. 
incrusting other substances and pa.rtaking of the form ofsuch bodies. 
Cells minute, from twelve to fifteen in the space of a tenth of an inch, 
more or less rhombic in form, moderately recumben-t, and diverging 
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from imaginary centers; the posterior lip slightly elevated and acutely 
angular. Surface often marked at irregular distance3, usually of a 
tenth of an inch or more, with indistiJ1ct maculm, composed of a few 
cells having thicker walls, and somewhat more elevated than the in­
termediate ones. 

The species is very irregular in its mode of growth, and is generally 
found in detached fragments, having the appearance of :flattened 
branches of a ramose frond. The cells are usnally longest in an an­
tero-posterior direction, but are extremely variable, often presenting 
examples that are much wider than long. They are not uncommonly 
arranged in oblique rows of from ten to fifteen or more cell!:!, arranged 
in alternating series, so as to bring their walls iri a direct line with 
each other. We have not been able to detect the transverse. partitions 
in the tubes, owing to the crystalline character of the interior of the 
fragments. 

Formation and locality. In greenish shales of the Hudson Rlver group of New York, 
at Iron Ridge, Wisconsin. 

BRYOZOA. 

GENUS FENESTELLA, Lonsdale. 

FENESTELLA GRANULOSA. 

Plate XII. Figs. 1 and 2. 

Fenestella granulosa-Whitj.; Ann. Rep. Geol. Surv. Wis. for 1877, p. 68. 

Bryozoum growing in small, fan-shaped or funnel-formed fronds, 
which rise from a root-like base by which they have ·been attached to 
foreign substances. Longitudinal rays slender, rather closely arranged 
and frequently bifurcated, giving to the lower part of' the frond a 
so~ewhat irregular mode of growth, but becoming more regular 
above. From three to four of the rays may be counted in the space 
of one millimeter, in the upper part, but seldom more than three in 
the lower. Fenestrules subquadrangnlar, lo.nger than wide, but ·ex­
tremely variable in size and form, and about as wide as the diameter 
of the rays. Pores small, slightly oval, scarcely excei·t, generally 
four to each fenestrule, one of which is situated at the junction of the 

'transverse dissepiments; rays carinate between the pores, dissepiments 
narrower than the rays. Nonporiferous surface of the rays convex, 
di~tinctly but very minutely granulose, the granules closely and irreg-
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ularly arranged, sometimes numbering as many as six in the width of 
the ray opposite the fenestrule. 

This is a very distinct and well marked species, although small as 
far as observed, and will be readily recognized by the finely grannlose 
character of the ·back of the frond. The genus is not very abundant 
in this formation, so there are but few species with which .to compare 
it. It difl'ers from .J?. nervata Nicholson, from near Cincinnati, 
Ohio, ~n the absence of the thickened dorsal ray characteristic of that 
species. 

Formation and locality.. In shales of the Hudson riyer: group of New York, at Dela­
field, Wisconsin. 

GENus STICTOPORA, Hall. 

STICTOPORA FRAGILIB. 

Plate XI. Fig. 24. 

Ptilodictya fragilis- Billings; Cat. 'Sil. Foss. Anticosti, p. 9. 

Bryozoum consisting of thin, slender, bifurcating stipes, with sharp 
edges and slightly convex surfaces, cellulose on both sides. Pores 
ronnd-oval, longest in the direction of the stipe, and arranged in lon­
gitudinal rows, separated by thin, longitudinal, slightly elevated ribs. 
From two to four of the central rows are parallel to, and traverse the 
middle of the stipe; the others or marginal rows are oblique, and 
pass upward and outward to the margin. 

The species haR been recognized in many fragments, an of small 
size;· but occurring at several localities. It differs from other de­
scribed forms in· the obliquity of the marginal ranges of pores, a 
feature which readily distinguishes it. 

Formation and locality. In t.he soft shales of the Hudson River group, at Roberts'. 
quarry, noor Pewaukee Lake (Delafield?), and at Hartford and Iron Ridge, Wisconsin. 

GENus TREMATOPORA, Hall •. 

TRE'MATOPORA GRANULATA. 

Plate XI. .Figs. 22 and 23. 

Trematopora granulata - Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 68. 

Bryozonm growing in strong, solid, bifurcating branches, which are 
marked with low, rounded, and distant nodes, and the entire surface 
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densely covered .with small, rounded, elliptical or quadrangular cells, 
.the apertures of which are slightly excavated and divided by propor­
tionally thick partition walls; surface. of the partition walls thickly 
set with small, rounded granules, sometimes arranged in a single and 
sometimes in a double series; from nine to twelve granules may be 
counted around a single cell, where they form ·only a single series,. 
but where a double series exists they often alternate, so that the indi­
vidual nodes are more distant; cells, where counted in a direct series, 
numbering from twelve to fourteen in the space of an eigl~th of an 
inch. · 

The growth of the cells is generally from the center outward, f0rm­
ing solid branches, with the ceJls opening at right angles to the axis; 
instances occur, however, where the upper end of a branch is hollow, 
the cells forming only a thin crust or tube; this, however, is not the 
usual mode of growth, but apparently the rm~ult of accident. In some 
of the cells thin, distant diaphragms can be seen. Intercellular sub­
stance apparently solid. · 

There is no· species described from rocks of this age which suffi­
ciently resembles this one-to require comparison. 

Formation and locality. In shales.of the age of the Hudson river formation of New 
York, at Delafield, Wisconsin. 

TREM.A.TOPOR.A. .A.NNULIFER.A.. 

Plate XI. Figs .. 15-17. 

Trematopora annulifera ~ Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 67. 

Bryozoum forming slender, solid branches, with a diameter, in the 
larger specimens, of nearly a line, and marked by distant bifurcations. 
Branches characterized by numerous encircling annulations, which 
are arranged at about a sixteenth of an inch from each other, and are 
angular on the crest, with concave interspaces; cell pores very minute, 
elongate-polygonal in form, two-thirds as wide as long, and separated 
by intercellular spaces, somewhat narrower than the cells, and deeply 
grooved along the middle, leaving an elevated margin bordering the 
cell aperture, which is elevated at the base to form a short triangular 
node or spine. 

The species is peculiar in its regular encircling annnlations, placed 
at about the same distance from each other on specimens of all diam­
eters. The cell pores vary considerably in size and form in different 
individuals, sometimes occurring nearly circular .. The spine at the 
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base of the cell aperture is not always developed, although. generally 
present. The fragments seen vary from one-fourth to nearly one 
inch in length, and are seldom seen to bifurcate, although several 
have been noticed, showing this feature. 

Formation and locality. In shales of the Hudson river formation of New York, at 
Delafield, Wisconsin. 

GENus FISTULIPORA, McCoy == Oallopora, Hall. 

FISTULIPORA SOLIDISSIMA. 

Plate XI. Figs. 18 and 19. 

Fistulipora soliclissirna-TVhitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 69. 
'J • 

Bryozoum forming sti·ong, cylindrical, ramifying branches, which 
often attain a diameter of nearly one-fourth of an inch; general sur­
face destitute of tubercles or tubercnliform elevations, but densely 
covered with minute, elongate-oval, or sometimes rounded cell pores, 
which are separated by intm:cellular spaces as wide or·wider than the 
transverse diametm• of the pores; intercellular spaces marked, usually, 
by a single series of very minute, slightly elongated, polygonal pits, 
which vary in size according to their positions, being largest in the 
angles formed by three adjacent cells, and smallest on the sides be­
tw~en two nearly opposite ce1ls; occasiona1ly there are two irregular 
lines of pits on the intercellular spaces, but this feature is not a com­
mon one; twelve to sixteen cell-pores may be counted in the space of 
an eighth of ari incl1, measured along the branch, and from three to 
five of the intercellular pits occur in the length of a cell. 
· The species is remarkable for the great density of its substance, and 

for the small size of the cell-pores, the surface appearing to the unas­
sisted. eye only as minutely granulose. 

Formation and locality. In shales of the Hudson· river formation of New York, at 
Roberts' quarry, Delafield, Wisconsin. 

FISTULIPORA. RUGOSA, n .. sp. 

Plate XL Fig;3. 20 and 21. 

Bryozonm forming solid, cylindrical,. bifurcat~ng l?ranches; the 
bifurcations widely divergent, and the stems often slightly flattened 
e.t these points; general surface of the stems marked by distant, but 
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rather indistinct pustules, which in some cases are grouped together, 
so as to form annulating ridges surrounding the stems; the stems 
are densely covered by minute rounded pores, with comparatively 
narrow interspac~s; and these latter spaces are occupied by variously 
formed pits of small size, generally not exceeding one between any 
two ce1ls, except at the angles between three adjoining cells, where 
they are frequently grouped into three or more to each group. 

The principal point of difference between this and other forms of 
the genus is, in the general surface ~e~tnres of the stems or branches 
beirig pustulose or annulated. · · 

Formation and locality. In the shales of the Hudson river group, at Delafield, Wis­
consin. 

FISTULIPORA I,ENS. 

Plate XI. Figs. 5 and 6. 

Fistulipora lens-Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 69. 

Corrallum growing in small, discoid or plano-convex, button-shaped 
bodies, which appear to have commenced their growth on a fragment 
of shell or other substance, and afterward become free;· discs varying 
in size from one-fourth or less, to nearly three-fourths of an inch in 
diameter; under surface more or less concave, not usually possessing 
an epitheca, bu.t presenting a fine, radiately ·striate surface, from the 
exposure of the cell tubes; cells radiating from an· imaginary center, 
and forming on the upper surface of the disc e~tremely minute, 
rounded or polygonal apertures, with often a thin, sharp 'partition 
wall; but more frequently the wall has a thickness of nearly half the 
diameter of the cell, with one large intercellular pit occupying the 
space between the adjacent cells, and other smaller ones between the 
cells wherever the walls are thick enough to permit them; the walls 
near the angles between the cells bear small elevated points or nodes 
in many or most cases, as seen when looked at obliquely under a 
strong lens; four of the cells· occupy the space of one millimeter. 

The specimens have the appearance of the young individuals of 
Ohmtetes 'bycvperdon, but on examination, will be found to present the 
features of 1/istulipora. 

Formation and locality. In the shales of the Hudson river group of New York, at 
Roberts' quarry, Delafield, Wisconsin. 
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GENUS CONSTELLARIA, Dana, 1846. 

CoNSTELLARIA POLYSTOMET ... LA. 

Plate XII. Figs. 3 and 4. 

Constellrwia polystomella-Nicholson; Pal. Ohio, Vol. IT, p. 215, PI.· XXII, Fig. 7. 
Constellaria antheloidea -Ed. et Hahne; Pal. Foss. Terr. Pal., Pl. XX, Fig. 7. 
Constellar·ia antheloidea- Nicholson; Pal. Ohio, Vol. II, p. 214. 
Not Stellopora antheloidea-Hall; Pal. N.Y., Vol. I, Pl. XXVI, Fig. 10. 

Cora11um composed of :flattened ramifying branches or palmate 
fronds, which become branched by continued growth; surface of the 
fronds and branches poriferous and similar on all sides, and marked 
with somewhat crowded, elevated, star-like centers, which are composed 
of from six to fourteen or more elongate-elliptical tubercles or ridges, 
arranged in a radiating manner around the sides of a slightly convex 
elevation, leaving an open or plane space of variable size in the mi~­
dle within their inner ends; stars circular to elliptical in form, and 
averaging about a tenth of an ·inch in diameter, separated . from 
each other by narrow, depressed interspaces, which in older specimens 
s~metimes become elevated along the center of 'the interspace, giving 
to the star an appearance as if occupying an hexagonal depression in 
the general surface; cell pores small, circular, and arranged princi­
pa11y along the sides of the elevated rays, but scattered more or l~ss, 
also, over the interspaces, but never, so far as ascertained, occurring 
on the central a.reas of the stars; from three to seven of the cells occur 
on E:ach side of the ray; the en.tire surface of the f~ond is covered with 
a minntefy cellular structur~, which appears as granular under an 
ordinary magnifier, but when more ·highly magnified, is seen to be 
composed of m_innte depressions, forming a cystose jnterstellar sub­
stance. 

This species has usually been referred to 0. (Stellopora) anthel­
oidea :Hall, f1·0m the Trenton limes ton~ of New York, but, I think, 
wrongly, as that species is always parasitic, forming their incrusta­
tions ou other substances, and I have sought in vain for true solid 
branches that were not parasitic; even specimens· ~hich present the 
appearance of very slender cylindrical stems reveal, when broken and 
carefully examined, a central axis of some other substance. This 
markerl difference in the habit and mode of growth is, it appears to 
me, of sufficient importance to be considered as specific; bu.t there are 
also differences in the character of the stellar elevations. I am not 
prepared, however, to recognize two species among those fonnd at the 

VoL. IV.-17 
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west as founded on the characters described by the author· of the 
name here adopted, as ~ll the variations in the number of rays can be 
commonly found on the same fragment of ·a frond, and the feature of 
circumscribed stars by hexagonal borders is only one of age or condi­
tion, the same example frequently exhibiting both features in a very 
marked degree. Believing these western e·xamples, however, to be 
entirely distinct from the New York forms, I have adopted the 
specific name, "polystomella," of Prof. Nicholson, for them. 

Formation and locality. In soft shales of the Hudson river formation, at Delafield, 
Wisconsin.· 

BRACHIOPODA. 

GENUS ORTHIS, Dalman. 

0RTHIS TESTUDIN.ARIA.. 

Plate XII. Figs. 5-7. 

Orthis testudinaria- Dalman; Kongl. velensk. Acad. Handl., 1827, and of subsequent 
authors. 

Shell small, plano-convex, or nearly so, hinge line shorter than the 
entire width of the shell below, giving a transversely oval form to the 
outline. Ventral valve much the deepest, and somewhat carinate 
along the medium line, becoming compressed and thin near the lateral 
margins; beak small, slightly incurved, and extending slightly above 
that of the opposite valve; area small, and divided in the middle by a 
small, triangular fissure. Dorsal valYe flattened, or but slightly con­
vex, and marked along the median line by a shallow, snbabgular de-· 
pression, corresponding to the carination of the ventral valve. Sur­
face marked by moderately fine radiating strire, which are distinctly 
recnrved along the upper portion of the shell, so that many of them 
pass off on the hinge line; also by numerous concentric strire, at irreg­
ular distances, marking stages of growth. 

The shells of this species usually characterize the Trenton and l-Ind­
son river beds at nearly all their outcrops, being one of the tnost per­
sistent, as well as most characteristic fossils of these layers. Still 
there are so many varieties of it that it is often difficult to refer it, 
without some hesitation, to its original place. Very many of these 
varieties have been described as distinct species, and others as varie­
ties under varietal names, until collectors have almost lost sight of 
the original species. Some of these varieties seem to mark given 
horizons over limited areas, and others apparently characterize special 
localities; still I do not believe they are sufficiently distinct or per-
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sistent enough to· rank as species, or to be worthy a varietal name, 
beyond the purpose of the locality where found, or for local preserva­
tion. The form under consideration, and figured, seems to be one of 
these local.or restricted varieties, apparently characterizing the hori­
zon over a very limited area, but is given for the purpose of repre­
senting a species so universally distributed. This particular variety 
closely resembles that figured and described by ltfr. F. B. J\IIeek, Pal. 
Ohio, Vol. I, p. 112, Pl. VIII, Figs. 3 a and o, as 0. emaceratct IIall; 

· var. m~tltisecta James; and ·has been by Mr. U. P. James consid­
ered as a species quite distinct from 0. testudinaria Dalman. In 
the first place, it bears almost 11:0 resemblance to 0. emacerata Hall, 
nor do any of the figures given on Pl. VIII, l0c. cit. as of that spe­
cies, except fig. 1 a., which is of a type given by Mr. James as 0. tes­
t~edinaria var. fugosa, the dorsal valve of which is flat, or slightly 
concave, with a sharp and somewhat angular depression along the 
median line, while the hinge line is quite long, more so, in fact, than 
that of any other variety of the species yet described. Considering 
the great variations undergone by the species at different horizons and 
localities, I can see no ·good reason for referring the present form to 
any other than the original name given by Dalman. 

Formation and locality. In the soft shales o£ the Hudson river formation, at Dela­
. field, and several other localities near that place, in Wisconsin. 

0RTHIS PECTINELLA. 

Plate XII. Fig. 8. . 

Orthis callactisa.nd O.jlabellum-Conrad,· Ann. Rept. Geol. Surv. N.Y., 1840, p. 201; 
and 1841, p. 27. 

0. pectinella. Com·ad in .J.lfS.-Emmons; Geol. Rept. 3d Dist. N.Y., 1843, p. 
394; Illustrations 105, Fig. 2. 

0. pecti~ella (Cowrad)- Hall; Pal. N.Y., Vol. I, p. 123, Pl. XXXII, Fig. 10. 

Shell of medium size, semiovate in form, the hinge line straight and 
shorter than the width of the shell below; the form of the shell being 
that of the large end of an ovate figure cut across, above the middle 
of its length. Ventral valve convex at the beak and on the ambo, 
but compressed at the sides and near the front; area model'ately high, 
slightly overhanging and divided by a wide fissure. Dorsal valve flat 
·or very little convex, slightly impressed along the median line; area 
linear. Surface marked by strong radiating strire, which increase in 
size toward the margins of the valves, and are increased by implanta­
t~on principally, although. sometimes observed to bifurcate. There 
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are ~lso very fine concentric strire crossing the radii, giving a rough­
ened. surface to the ridges, but miscroscopic in size; and also a few 
stronger ridges of growth. 

This ·species~ although not uncommon in the Trenton limestones of 
New York, at some localities, does not appear to be common in any 
of the western localities. It closely resembles Ortl~i8 flabellulum 
Sow., as it occurs in the Niagara group of New York, at. Lockport 
and elsewhere, but may be distinguished by its increasing number of 
plications as the shell advances in size; and by the more co~ vex ven­
tral valve. 

Formation and locality. In the soft shales of the Hudson river formation, at Dela­
field, and in the Trenton and altered Galena, ·at Neenah and Menasha, Wisconsin. 

0RTHIS OCOIDENTALIS. 

Plate XU. Fig. 17 and 18. 

Orthis occidentalis-Hall; Pal. N.Y., Vol. 1, p. 127; Pl. XXXII, Fig. 2, and Pl. 
XXXII B, Fig. 1. 

" " (Hall), Meek;. Pal. Ohio, Vol. I, p. 96; Pl. IX, Fig. 3. 
'' sinuata- Hall; Pal. N.Y., Vol. 1, p. 128; Pl. XXXII B, Fig. 2. 
;• subjugata- Hall; Pal. N.Y., Vol. 1, p. 129; Pl. XXXII C, Fig. 1. 

Shell large, resupinate, the dorsal valve being much deeper and lar­
ger than the ventral; strongly convex over the surface, with a large, 
tumid, enrolled beak, and a narrow horizontal area, with an open fis­
sure. The surface of the valve being somewhat elevated along the 
median line, forms an almost imperceptible mesial elevation, more 
especially marked near the front margin. Ventral valve flattened or 
depressedoconvex, with a broad and moderately elevated beak; mesial 
line, on the front half of the shell, depressed, often deeply and angu­
larly so near the margin on full grown ·individuals; cardinal area 
large, nearly vertical to the plane of the valve, and divided by a bro~d, 
open fissure. 

Surface of the shell marked by strong, rounded, bifurcating, radi­
ating strire; which are crossed by very fine, corrugatinglines, and 
stronger varices, marking stages of growth. 

Nearly all the specimens of this species yet observed in the collec­
tions of the snrvey have been single valver:;, and most of them of 
large size. The example figured is a fair representative of the species 
and of a well marked form. The interior of the shell. is quite char­
acteristic, and will reaqily serve to distinguish the species, even where 
the exterior form cannot. be clearly identified. 

Formation and locality. In the shales of the Hudson River formation, at Roberts' 
quarry, near Delafield, and also at Iron Ridge, Wisconsin. 
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GENUS STREPTORHYNCH·US, King. 

STREPTORHYNcrrus CARDINALE, n. sp. 

Plate XII. Figs. 9 and 10. 

She11 small, transversely subelliptical in outline, and plano-convex 
in profile; the length from beak to base, measured on the ventral 
valve, abont two-thirds, or a little more than two-thirds, the width. 
Ventral valve flattened or very depressed convex, with a broad car­
dinal.area, which, on a specimen measuring about seven-eighths of an 
inch in width, is. fully one-sixth of an inch high in the middle, and 
is marked in~ the center by a broadly-triangular, coovered deltiqium, 
h.aving a dist~nct round p~rforation or foramen at the apex of the 
valve; area striated longitudinally, and the cardinal borders sloping 
to the extremities of the hinge line. D_orsal valve very convex, often 
qnite gibbous in the middle; 'hinge line straight, and the area obso­
lete. Surface of the valves marked by :fine, sharp,. radiating st.rire, 
which are crossed by numerous strongly marked varices of growth, 
giving a roughened character to the shell. The radiating strire are 
also crossed by very fine, closely-arranged, concentric rugre; present­
ing, when seen under a glass, aJ sharp, file-like surface. 

The species is somewhat of the type of 8. ( Leptwna) plano-con­
. vexa Hall, of the C1ncinnati beds of Ohio, but differs in the greater 
rotundity of the dorsal valve and the largely developed cardinal area 
of the ventral valve. 

Formation and locaU~'!f. In the soft shales of the Hudson River group, at Delafield, 
Wis. 

GENus STROPflOl\iENA, Rafinesque. 

STROPHOM:.ENA KINGI. 

Plate XII. Figs. 15 and 16. 

Strophomena Kingi-Whitj.; Ann. Rept. Geol. Surv. Wis. for1877, p. 72. 

Shell ·larger than medium size, measuring two inches along the 
hinge in full grown specimens. Valves strongly concavo-convex, ap­
proaching sub-hemispherical on the ventral side, with a .full, rounded 
nmbo, length and breadth sub-equal, or of~en wider than long; hinge 
line as long or longer than the shell.below, and generally somewhat 
pointed at the extremities. Area nJ.rrow on each valve, that of the 
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convex valve the largest, and marked in the middle by a broadly tri­
angular foramen,. Valves rather strongly recurved or deflected near 
the hinge extremities, so as to give a strongly sinuous hinge-line, as 
seen in a cardinal view. Dorsal valve deeply concave, closely follow­
ing the curvature of the ventral. Surface of both valves marked by 
very fine, even, ·thread-like or wiry stl;ire, :without any indication of 
alternation. These are crossed by finer concentric rugose markings, 
invisible to the unassisted eye, and also by fine, ir;tdistinct and inter­
rupted, concentric undulations on each valve. 

The species rather closely resembles S. prof~tnda Conrad, of the 
Clinton group, of New York, and still more closely the Niagara speci­
mens of that species as it occurs in Wisconsin; it is, however, more 
convex than most specimens of that species, with a fuller and more 
pr?minent urn bo on the ventral side. 

Fonnation and locality. In shales of the Hudson river formation of New York, at 
Delafield, Wisconsin. 

STROPHOMENA UNICOSTAT.A. 

Plate XII. Fig. 14. 

St1·ophomena unicostata -JJti. & W.; Pal. Hept. Ill., Vol. liT, p_. 335, Pl. IV, Fig. 11. 

Shell below a medium size, transversely semi-elliptical in outline, 
being sometimes abottt twice as wide along the hinge line, as the length 
from bP-ak to base; hinge line straight on the dorsal, or concave valve, 
and very slightly arcuate on the ventral; extremities often mucronate. 
Ventral valve fiat on the visceral area, and abruptly geniculate near 
the margin, the deflected portion seldom exceeding an eighth of an 
inch in width; beak minute; area narrow, usually less than a twelfth 

' of an inch in its greatest width, and gradually decreasing toward the 
·~xtremities; marked in the center by a very small covered deltidium. 
Dorsal valve concave, nearly following the curvature .of the ventral; 
::trea linear or obsolete. Surface of the valves marked by extremely 
:line radiating strire, which are rounded and somewhat flexnose in their 
direction; a single stronger rib marks the median line on the ventral 
valve, but so far as we have seen, does not characterize the dorsal side 
No concentric 1U1,dulations mark the surface of either valves. 

The species has the general form of S. rlwmboidalis Wilck, and 
particularly resembles the variety of that form known as S. tenuist?·i­
ata llall, from this same horizon; but it differs very materially from 
that· one, in being destitute of concentric wrinkles on the flattened 
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portions of the valve, and also in the larger single rib on the median 
I i ne of the ventral valve. 

Formation and locality. In the shales of the Hudson river formation, at Delafield 
and Iron Ridge, Wisconsin. · 

STROPROMENA WtscoNSENsrs, n. sp. 

Plate XII. Figs. 11-13. 

Shell of the type of, and much resembling s~ planumoona Hall (Pal. 
N.Y., p. 112, Pl. XXXI B, Fig. 4), being half as wide again along the 
hinge, as the length from the hinge to the front of the shell;. hinge­
line straight, with submucronate extremities. Dorsal valve highly 
arcuate and gibbous in the middle, with an impressed.umbonal region, 
and becoming strongly recurved at the hinge extremities. Ventral 
valve rather deeply concave, with a slightly rounded umbo and minute 
beak; cardinal extremities of the valve deflected. Area of the ventral 
valve moderately high in the center, gradually declining toward the 
extremities, and divided in the middle by a covered triangular del­
tidium; area of the dorsal valve linear. Surface of the shell marked 
by fine radiating strirn, and by a few strong concentric lines of growth. 

The shell was at first considered as identical with S. planumoona 
llall, but on critical examination, differs so extremely in the strongly 
gibbous character of the valves, and the much greater height of the 
ventral area, as well as in the· more transverse outline, that it seems 
to be doing violence to strict classification to place it under the same 
name. I have therefore thought best to consider it as a distinct 
species. 

Formation and locality. In the shales of the Hudson river group, at Delafield, Wis­
consin. 

GENus RHYNUHONELLA, Fischer. 

RIIYNCHONELLA CAP AX. 

Plate XII. Figs. 26 and 27. 

Atrypa· capax-Conrad; Jour. Acad. Nat. Sci., Vol. VIII, p. 264, PL XIV, Fig. 21. 
Atrypa increbescens-Ha.U,· Pal. N. Y., Vol. I, p. 146, Pl. XXXIII, Fig. 13, W., X. 

andY. 
Rhynclwnella increbescens -Hall; 12th Rept. State Ca.b., N.Y., :p. 66~ and 13th Rept., 

p. 66; Geol. Rept. Wis., Vol. I, pp. 55 and 436. 
" capax- Billings; Pal. Foss., Vol. I, p. 142. 
" " (Conrad); M. & W., Pal. Ohio, Vol. I, p. 123. 

Shell attaining a large size, sometimes measuring considerably mGre 
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than an inch in diameter, lenticular and appressed when. yoang, and 
of a triangular form, but when fully grown it becomes extremely 
ventricose and gibbons, the depth of the united valves considerably 
exceeding the length or transverse diameter; ventral valve moderately 
deep, with a closely incnrved beak, and a broad, de·eply impressed mesial 
sinus, which is abruptly bent npwa1·d and prolonged in front~ dorsal 
valve extremely ventricose, nearly twice the depth of the ventral; the 
beak large and closely enrolled beneath that of the other, and the 
middle elevated to form a strong mesial fold, which is excavated in 
front to correspond to the prolongation of the ventral valve; sides of 
the valves or cardinal slopes sunken and destitute of plications; sur­
face of the shell marked by from sixteen to eighteen strong snbangular· 
plications, four of which are elevated to form the fold of the dorsal 
valve, and a corresponding number depressed in the sinus of the ven­
tral. The entire surface is further marked by closely arranged, zig­
zaging, lamellose lines of growth, which are strongly arched backward 
in crossing the plications, and become very closely crowded on the 
front of the shell. 

The species is readily distinguished, in the mature specimens, by its 
extreme ventricose form, and by the highly elevated, suhquadrangular 
outline when viewed in front or from behind, and also by the great 
proportional depth of the dorsal valve. It is rather closely allied in 
character to ll.peTlamellosa, herein described, when seen in its younger 
stages of. growth, but may be recognized in this condition by the nar­
rower and more angular plications; deeper dorsal valve; more distinct 
mesial folrl and sinus, and by the :finer lamellose markings. I am not 
at a1l satisfied that the species has yet been found in the T1·cnton group 
in New York, nor that the forms referred to from the New York 
localities as 1-l. inarebesaens, in Vol. I, Pal. N. Y., are identical with 
the western shell.· There is a certainty, so far as I am aware, that 

· none of the ventricose varieties so extremely abundant in Ohio and 
Kentucky, and less common in Wisconsin, have ever been observed 
in that state, and I think it quite advisable that the name, R. inCTe­
besaens IIall, should be retained for the New York, Trenton and 
IIudson River group specimens; while that of R. capaw O.onrad, be 
restricted to the more highly ventricose western shells. 

For1nation and locality. In the shales of the Huds?n river group, at Stockbridge and 
Iron Ridge, Wisconsin. 
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RHYNCHONELL.A. PERLA:MELLOSA. 

Plate XU. Figs. 23-25. 

Rhynchonella perlamellosa- Whiif.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 73. 

Shell of medium size, triangularly-orbicular or very broadly ovate in 
outline, and lenticular to ventricose in profile; beak small, flattened, and 
closely incurved; cardinal slopes convex and full, never.depressed or 
excavated. Dorsal valve with a moderately elevated mesial fold, ex- · 
tending nearly to the beak, and the ventral with a COl~responding sinus. 
Surface marked by strong, simple, snbangnlar plication s, four of 
which are elevated to form the fold and three depressed in the sinus, 
while from six to eight occur on each side of the shell; plications 
crossed by rather coarse, distant, strongly lawellose lines of growth, 
strongly arching bacl~wards in crossing the plications and continuing 
across the cardinal slopes to the margin of t.he shell with but slight, 
diminution in strength. 

The species somewhat closely resembles the smaller lenticular speci­
mens of R. capax Conrad, but may be readily distinguished by the 
stronger and less numerous plications, stronger and more distant, 
although more prominent, lamellose lines of growth, and also by the 
full cardinal slopes instead of depressed or concave slopes, as in that 
species; and also by the continuation of the plications over this part, 
which is not the case in that one, and the valves are also more nearly 
of equal depth. 

Formation and locality. In soft shales of the age of the Hudson R:ver group of New 
York, at Delafield, and also at Iron Ridge, Wisconsin. 

RrrYNCHONELL.A. NEENAH, n. sp. 

Plate XII. Figs. 19-22. 

Shell small, not exceeding five-eighths of an inch in its greatest 
diameter, and seldom more than half an inch; form varying from sub­
triangular to subquadrangular in a top view, subtriangular in profile 
and more or less irregularly quadrangular in a front view. Sides of 
the valves compressed and nearly vertical, and the depth of the shell, 
from the dorsal to the ventral surface, usually equalling or exceeding 
the length or width: Apex of the ventral valve small, narrowed or 
cuneate, projecting beyond that of the dorsal, and slightly curved 
upward, perforated at the extremity, and the fissure covered by del­
tidial plates of proportionally large size. Dorsal valve very deep ' 
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rapidly rising from the oeak to near the front margin along the mid­
dle of the valve, where the height is generally double th9,t of the ven­
tral valve; sides of the valve much less elevated and almost regularly 
arcuate from beak to base. Ventral valve straight along the base, 
with a deeply sunken triangular mesial depression and rapidly sloping 
sides; the front of the valve strongly and abruptly elevated, cor­
responding to the notch of the dorsal fold. 

Surface of the shell marked by about ten angular plications on each 
valve in the larger individuals, two of which are abruptly elevated to 
form the mesial fold, and two depressed in the siru:s. · On some of 
the specimens there is an incipient plication on each side of the fold· 
in the upper half of the shell, which becomes obsolete before reach­
ing the front margin. The plications are marked by strongly lamellose 
concentric lines, which arch backward in crossing them. 

The species resembles R. Anticostensis and R. J"anea Billings, but 
differs in the great lateral compression, and in having only two plica­
tions forming the mesial fold. It also resembles the form generally 
known as R. dentata Hall, as it occurs abundantly at Frankfort,. 
Kentucky, and elsewhere in the w~st, but differs very materially from 
the New York specimens of that species. From the Frankfort, Ken­
tucky, specimens it differs in the laterally compact and compressed 
form, nearly vertical sides, narrower and more angular plications, nar­
rower and stronger fold and sinus, and stronger lamellose markings, 
as well as in the deeper and more unequal valves, and more projecting 
beak. 

Formation and locality. It occurs in the Trenton at Neenah, Menasha, Center, Ripon, 
Waterloo, Janesville and Beloit, and in the altered Galena beds near Oshkosh, Neenah, 
Menasha and Flintville, and in the shales of the Hudson river formation, at Delafield 
and Iron Ridge, Wisconsin. 



SPECIES FROM THE LIMESTONES OF THE NI.A.G.A.R.A. 
GROUP. 

PROTOZOA. 

GENUS OERIONITES, M. & w. 
CERIONITES DAOTYLOIDES. 

Plate XIII. Figs. 1-3. 

Lttnulites? dactyloides-Owen; Rept. Geol. Expl. Iowa, Wis. and Ill., 1844, p. 69, 
Pl. XIII, Fig. 4. 

Pasceolus? dactyloides-(Owen); M. & W. Geol. Rept. Ill., Vol. III, p. 345, Pl. V, 
Fig. 2. 

Genus Cerionites; ,M. & W. loc. cit., p. 346. 

Body plano-convex, circular or slightly oval in outline; lower sur­
face fiat, and the upper irregularly convex, or depressed convex; the 
periphery subangnlar, and thin in some parts, thickened and nearly 
vertical in others. Convex surface covered by numerous rows of 
hexagonal pits or depressions, which appear to center at a point near 
the middle of the disc, and pass outward to the margip in concentric 
circles; ·increasing in size toward the edge. The depressions are 
deeply concave and round at the bottom, but are crowded so as to 
present hexagonal borders, and are each marked at the bottom by a 
1ninute pore, which extends to considerable depth in the substance of 
the fossil. Near the periphery of the disc, where the edge is 
thickened, the cells have the appearance of being vertically com­
pressed, and have a transversely rhombic outline, the longest axis 
horizontally placed. They are each marked at the lower middle angle 
by an elevated point, which is covered with minute crystals, probably 
coating a spine-like process at this point. The flattened basal surface 
is marked by obscure radiating lines, corresponding to the centers of 
the marginal cells. 

·The center or initial "point of both surfaces is coated with hard, 
rocky material, which cannot be removed without 'material injury to 
the specimen, so that there is doubt whether there may be openings 
at these points or not. 
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The species has been Yariously referred by different authors with­
out any apparently very satisfactory results, until finally 1tiessr~. 

· Meek & Worthen proposed the new genus 0ERIONITES for its receptio11 
(Geol. Rept. Ill., Vol. III., p. 346), expressing, at the same time, 
much doubt as to the correctness of the step taken. Up to that time, 
and even now, it is generally referred to the genus J>asceolus of 
Billings, but there appear to be many points of distinction betwec11 
these ·bodies and those for which the latter name was proposed, and 
also many simihrities. One principal difference consists in the ar­
.rangement of the pits in concentric .circles, a point radically distinct 
from }.Jctsceol~ts. The pits gradnally increase in size, which is not 
the case with the plates of that genus; and as these fossils are the 
internal casts of the body, and present rounded depressions, they 
differ from that one, which is said to have th~ plates concave on the 
inside, and to give an internal cast marked with rounded tubercles. 

In proposing the genus Oerionites, :Mr. JYieek appears to have been 
in doubt if the body he was describing was an internal cast or an ex­
ternal impression. That the specimen here figured is an internal cast 
there is positive proof, as the upper surface is obscured neai· the cen­
tral point by crystalline matter filling the depressions in such a way 
as to show that it replaces the original integument of the body; and 
that on the upper or outer surface the plates have been nodose; or, 
in other words, that the present fossil has been c.overed with an integ­
ument of small· plates filling the depressions which now remain, and 
which were on their outer surfaces strongly convex. Moreover, each 
of these plates,~ as they now exist, has the center filled with a small 
core of matet·ial similar to that of.the fossil itself and the surround­
ing rock, showing that the plates were minutely perforated, which 
does not appear to be a feature of Pasceol~tB. This leads directly to 
another explanation. On probing the minute pores at the bottom of 
the rounded pits, I found them penetrating so far into the substance 
of the fossil that I concluded to break it; on doing which, I found them 
extending to a depth of a.quarter of an inch near the periphery, and 
those of the sides and upper surface nearly to the basal :floor, and also 
to be somewhat tapering inward. From a study of these minute cavities 
I infer that they were originally occupied by minute tubular foramina, 
connected with the plates of the integument, and penetrating the in­
terior of the body cavity, as in the interior they appear not to have 
any definite destination or art·angement. The substance of the fossil, 
therefore, as we have it, seems to be the filling, either by infiltration 
or by silting, through the opening at the center, -if such existed, of 
the interior cavity of a sac-like and probablj~ more or less :flexible sub-
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discoid body, formed of an integument of small, hexagonal plates, ar­
t·anged in concentric curves, originating at a central or initial point, 
and terminating at the periphery in plates of a different form, com-· 
posing a_:floor-like integument of attachment, the plates of the upper 
surface being biconvex, and penetrated by a minute pore, the walls of 
which were prolonged on the inside i~ the form of minute tubular 
spine of undetermined length. 

The bodies, of which this· is a representative, have been closely re­
lated to Receptaculites, as is shown by the concentric arrangements 
of the p~ates, f!.n~. more particularly so by the form of the cells on the 
thickened vertical.~dge of the disc, where the pits assume the rhom­
bic form possessed by those cells similarly situated on several of the 
elevated or globular forms of that genus, such as R. globulare and R. 
lwmispherica I-I~ll. Among the collections of Niagara group fossils 
from the western states, I have seen specimens which appeared to be 
the impression of the exterior surface of convex bodies, composed of 
smooth, tubercnlose or highly convex, hexagonal plates, arranged in 
similar concentric curves, and have no doubt they were the impres­
sions of the exterior of specimens of this same species. 

Formation and locality. In the Niagara group, at Waukesha, Wis. 

GENus RECEPTACULITES, De France. 

RECEPTACULITES HEl\IISPHERICUM. 

Plate XIII. Fig. 4. 

Receptaculites hemisphericum-Ilall; Rept. Prog. Geol. Surv. Wis., 1861, p.l6; Geol. 
Rept. Wis., 1862, p. 429. 

Body small, hemispherical or rather more than hemispherical in 
form, sometimes approaching a·_ globular shape with a more or less 
truncated base. Surface convex, the cells originating from a sub­
central point and spreading outward in curved radiating lines: Cells 
minute near the point of origin, but rapidly increasing in size over 
the upper snrface, and again decreasing as they descend the sides of 
the body, so that where the form exceeds that of a hemisphere, they 
are again qnite minute and crowded in the lower part. From a point 
corresponding to a horizontal center of the sphere and below, the cells 
are so arranged as to present horizontal lines as well as the curved 
radiating lines above mentioned. 

The specime!ls are often less than hemispherical in form, as seen in 
collections, and sometimes, as in the example figured, form more· than 
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a hal£ globe~ The base when perfect is flattened, and appears as if 
the body had grown attached t9 a flattened foreign substance, and in 
the examples examined, presents no appearance of radiating lines. 

Formation and locality. The specimen figured is from the Niagara limestone, at 
Waukesha, Wisconsin, probably from the Racine limestone at that plape. It also oc­
curs at Racine, Wis. 

RADIATA. 

GENUS ASTROCERIUM, Hall. 

· AsTROCERIUM VENUSTUM. 

Pl. XIII. Figs. 8-10. 

Astroce1·ium venustum-Hall; Pal. N.Y., Vol. 2, p. 120, Pl. XXXIV, Fig.l. 
'' venustum and Favosites of many author.'!. 

Among the many Favosite corals which characterize the Niagara 
group of Wisconsin, and the neighboring states, this species (.A.. ve­
nustum) holds a prominent position; and among the silicified speci­
mens found in the drift of the same region it is also quite common. 
The specimens are generally easily recognized. by the comparatively 
small size of the cell tubes, and when silicified and weathered, often 
sl~ow the peculiar feature of the species, and on which the genus was 
founded, in the most beautiful manner. · 

The cell tubes, in characteristic specimens, vary from a twentieth 
of an inch in diameter to those of about one-fourteenth .of an inch; 
and in many individuals the larger cells are quite abundant, being 
di~tr~buted through the rriass at nearly equal distances. They are 
usually more nearly round than the smaller tubes, and have from 
eight to nine, or even ten smaller ones bordering them, and are, ap­
paren.tly, those from which the new cells. ta.!m their origin. All the 
tubes are divided transversely by their horizontal plates at irregular 
distances, usually at distances .equal to the diameter of the tube, or 
less. The plates quite commonly extend only partially across the 
tube, and are usually, when perfect, bent downward at the angles. 
Between the plates. there are numerous slender, spine-like processes, 
extending into the tubes from the walls, generally placed one above 
each mural pore, and when viewed on the surface of the corallum, 
give a stellate feature to the cell, which at once distinguishes it from 
any other coral of the group in the Niagara rocks. 

The walls of the cells are. perforated at somewhat regular distances 
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by ranges of minute mural pores, generally a single range to each 
face of the tube; but occasionally, on wide faces, there will occur two 
ranges. 

Formation and locality. In the Niagara group, quite generally distributed. It has 
been noticed in the lower coral beds at Cato; in the upper coral beds at Cato and Stur­
geon Bay; in the Waukt&na beds at Pewaukee; in the Racine beds at Waukesha, W au­
watosa and Milwaukee, and doubtfully in the Guelph beds at Saukville and Sheboygan, 
Wisconsin. 

GENus HAL YSITES, Fisher. 

HALYSITES CATENULATus, Linn. 

Plate XIII. Figs. 5-7. 

Among the corals of the Nia.gara group of Wisconsin, specimens of 
the genus lialysites are quite numerous, and among them we find 
three grades of form, difi'ering from each other in the size of the 
meshes or intercellular spaces, and also to a corresponding degree in 
the size of the individual polyp-cells or corallites. It is also noticed 
that·the specimens of tl~e three varieties do not usually occur at the 
same locality; or if so, that some one of the varieties will greatly pre­
dominate, either at the locality or in a certain horizon, while the_ 
other8 are present only in limited numbers. 

In.making lists of the species constituting the fauna of the se.vera\ 
locrt1ities or supposed horizons; it became necessary to distinguish 
these different forms, and for this purpose I used the varietal names 
rnacropora and rnicropo·ra as indicating the two extremes, the medium 
between these two most closely resembling the form usually known 
as I-I. catenltdatus Linn. As it is frequently necessary still to desig­
nate these forms separately, I propose to retain the varietal name 
rnic'I'Opora to designate the minute form, and to adopt the name 
labyrintAiC1.(;8 for the large meshed variety; that being the name pro­
posed for it by Goldfuss; when separating it as a distinct species from 
the H. catenulat1..t8. 

The characters of these varieties will be recognized from the follow­
ing descriptions of the two extremes, and they will be found conven­
ient for referenc.J, although they may not be considered as of strictly 
specific importance. Still I am much inclined to the opinion, that in 
life, there were differences sufficiently great marking them, which 
would have made them more distinct from each o~her than many of 
the living corals now recognized as good species. 
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HALYSITES CATENULATUS .var. LABYRI~THICUS. 

Plate XIII. Fig. 7. 

Catenipora labyrinthica- Goldfuss ,· Petr. Germ., Vol. I, p. 71, Pl. XXV, Fig. 5. 

Corallum having the general characteristics of the species catenula­
tus, but with cell tubes of large size, measuring about an eighth of an 
inch, or, when measured in a direct line, averaging from six to eight 
in the space of ari inch. Intercellular opening very large, often an 
inch and a half in length by from one-fourth to one-half an inch in 
width, and of very irregular form. Epitheca strong and rugose. 

HALYSITES CATENULATUS var. MICROPORUS, new var. 

Plate XIII. Fig. 6. 

Corallum similar to the ordinary form except in the size of the cells; 
which are very small or minute, equal to from one-eighteenth to one­
twentieth of an inch; there being that number of cells within the 
space of an inch, as ·counted in a line across the face of the corallum. 
~ntercellular spaces small, varying from one-twelfth to nearly ·one-

. fourth of an inch in their longest diameter, and usually nearly equal 
·in length and breadth, presenting a nearly quadrilateral form. 

Epitheca thinner and less rugose than on those of the ordinary size 
and form, and still more so than on the H. labyrint!Licus. 

GENus SYHINGOPORA, Gold£. 

SYRINGOPORA VERTICILLATA. 

Plate XIV. Fig. 6. 

Syringop01·a verticillata-Goldf.; Petr. Germ., Vol. I, p. 71, Pl. XXV, Fig. 6. 
" " " Bill. Rept. Geol. Can., 1867, p, 00; Extract, p. 8. 

Corallum formii1g hemispherical masses of slender, slightly diverg­
ing tubes, varying from a line to one and a half lines in diameter, and 
connected at irregular distances by numerous small, transverse fila­
ments; which are arranged around the tubes in circles, "like the 
spokes of a wheel," several of them being situated at the same level, 
often forming by the coalescence of their bases, an encircling plate 
a~·ound the corallite. Interior of the tubes divided by numerous 

1 transverse plates or diaphragms, closely arranged, and deeply funnel-
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formed; apparently perforated in the center, so as to form a continu­
ous tl1be along the middle of the corallite. 

The individuals of this species, as I have observed them in Wiscon­
sin, are extremely variable in the size of the corallites and in the close­
ness of the conneeting filaments. The tubes are often of not more 
than one line in diameter, and seldom e.xceed a line and a half; the 
connecting filaments are usually very closely arranged and often 
crowded; with the epitheca of the corallite rough and marked with 
rings of growth~ In other cases the filaments are distant and not so 
distinctly verticillating as in the smaller tubed varieties. The indi­
vidual figured by Goldfuss, loc. cit., has very large and distant coral­
lites, with widely separated connecting filaments; and Mr. Billings 
describes specimens from Lake Temiscaming, Canada,. having coral­
.lites "about two lines in diameter." It is possible that all these ex­
treme varieties may be of the same species, but I strongly suspect that 
if studied together, with ample collections from the severallocali~ies, 
they would prove to embrace more than a single species. 

Formation and locality. In the· coral beds of the Niagara group, near Rockville, 
Manitowoc county, and in the Racine beds at Wauwatosa and Kewaunee, Wisconsin.· 
It has also been obtained from the drift near Beloit, in a beautiful state of preservation. 
The specimens described by Goldfuss were from Drummond's Island, in Lake Huron. 

GENus CYSTOSTYL US, new genus. 

Corallum compound, comEosed of parallel, cylindrical tubes or cor­
allites, either vvholly or in part in contact, and united to each other by 
transverse filaments. Increase by bifurcation. Internal structure 
composed of small cystose chambers or cavities, formed ·by more or less 
imperfect transverse plates, arranged in circular funnel-formed order 
as in cystiphyllum. Radiating septa and transverseplates, obsolete. 

The corals for which the above genus is proposed are in all respects 
compound Oystiphyllia, having all the internal features of specimens 
strictly referred to that genus. They differ, however, in being com­
pound bodies, composed of a large number of corallites united by 
transverse branches; as in Syri1igopora, E-ridopl~yll~tm, and others of 
that character, and are increased by a form of budding resulting in a 
bifurcation of a. corallite. The cystose plates are arranged exactly as 
in Oystiphyllum, and form by their union, a deeply funnel-formed cup 
at the upper end of the stem. 'The species at present known are both 
from the Niagara· group, and are very ·distinct in ·their specific· fea­
tures, and characterize two different portions of the group. In the 

VoL. 1V.-18 . 
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second species referred to this genus, it resembles Syringopora Goldf. 
to some extent., but differs in that the plates or tabulte do not extend 
entirely across the tube, but· are only partial, in some cases requiring 
three· or four of the partial plates to complete the diameter of the 
tube~ ' 

CYSTOSTYLUS TYI•rcus, n. sp. 

Plate XIV. Fig. 8-9. 

Corallum growing in large compound masses, composed of nnmer­
. ous subparallel or slightly diverging tubes or corallites, which vary 
from one-fourth to one-half of an inch in diameter; attain a length of. 
several inches, and are placed at distances from each other equal to 

-from one.:.fourth to more than one-half their diameter. . Connecting 
fila~ents distant. · Interior composed of small cysts, or blister-like 
chambers, arranged in from three to six indistinct circles, as shown in 
a transverse section of the tubes. 

The specimens of the ·species vary greatly in the size, and in the 
distance between the ~orallites. Those examined consist mostly of 
fragments of larger masses, and are themselves several. inches in di­
ameter. They are preserved in limestone, which fills the spaces be­
tween the corall~tes, and on the fractured surfaces they reveal the 
systose character of the· tubes very be~utifully, although the p~ates 
themselves are. ueually coated with minute crystals. Some of the 
specimens preserve only the perforations in the rock where the coral­
lites have been removed by solution, in which case they show only the 
size and form of the exterior surface of the corallite without retaining 
any of the internal features of the coral. In this case it is quite dif- . 
£cult to distinguish them from species of E1•idopl~yll'ttm or Dipld'" 
phyllum. 

Formation and locality. In the Lower Coral beds of the Niagara, at Cato, Monito­
woc County, and in the Upper Coral beds, at Sturgeon Bay, Wis. 

0YSTOSTYL US INFUNDIBUL US. 

Plate XIV. Fig. 7. 

Syringopora infttndibula-Whiif.; .1\..nn. Rept .. Geol. Surv. Wis., 1877, p. 79. 

Coral!ites growing in large or medium-sized masses of variable form, 
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but generally irregularly subhemi spherical; individual. polyps slender, 
snbflexuose, and measuring from ·one to .nearly t~o lines ·in diameter; 
arranged at distances of from one t~ three times their own diameter; 
transverse diaphragms represented on1y by deeply funnel-formed, im­
perfect plates or cysts, appearing on the broken surface as a series of 
deep inverted cones or funnels, placed one within the other so closely 
as to produce by their united tubes an almost or quite conti~uous 
colm~1ella along the center of the coralli te; the cystose plates are never 
continuous around the whole circumference, but are usually from one­
third to two-thirds entire, and are sd. closely .arranged that from two 
to four may be counted in a length equal to the diameter of the tu qe; 
external surface· of the corallites not observed; increase by budding 
from the side of a perfect coralli te, the separation being at first small 
and nearly horizontal, but suddenly turning upward parallel to· the 
parent stem. 
· The spscie3 differ3 from 0. typious in the smaller size and more flex­
nose corallites. It \Vas at fhst supposed to belong to the gen ns Syr­
ingopora, and so classed in the annnal report, hnt on {·ecxamination, 
it proves to possess all the requisites of the genus Oystostylus and to 
differ in the form of the plates very materially from Syringopora. 
A& it is so far found. in the solid limestone only, with the fractured 
surface showing the deeply funnel-formed plates only partially ex­
tending across the tubes, readily determine its true relations. · 

' . 
Formation and locality. In the upper part of the Niagara group (Racine limestone) 

at several points in the vicinity of Wauwatosa and Milwaukee, Wisconsin. 

GENUS STROMBODES, Schweigg. 

8TROMBODES PENTAGONUS. 

Plate XV. Fig. 5. 

Strombodes pentagom_ts- Gold_(.; Petr. Germ., Vol. I, p. 58, Pl. XX, Fig. 2. 
" " Rominger; Geol. Rept. Mich., Vol. III, Pt. II, p. 131, Pl. 

XL VIII, Figs. 1 and 2. 
Strombodes pentagon us- Of authors. 

" striatus - D' Orb. 

Coral forming large depressed-convex, or low-hemispherical masses 
of considerable size, the surface of which is covered by polygonal de­
pressions, formed by the. calyces of the closely aggregated polyps, the 
depressions varying ;from less than a fourth of an inch to three-fourths 
or more in diameter, and having a depth of from an eighth to about 
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three-eighths of an inch below the top of the partition walls; divis­
ions betwee~ the calyces car~nate, often sharply crested; central part 
of the calyces more abruptly depressed than the intermediate space, 
and the center rising _up in. form of a slight columella. not always 
apparent; surface of the calyces marked by extremely fine, hair-like 
rays, varying in number according to the size of the cell. When seen 
in a yertical section, ·the mass appears to be made up of a number of 
vertical columns, each of which is composed of a series of funnel­
formed plates, superimposed one upon the other in an irregular ·man­
ner, leaving open space.s of different sizes and great irregularity of 
fol'm between them. 

· The examples of this· species present in the collection are thoroughly 
silicified, and to such an extent as to nearly obliterate the more minute 
generic and specifi.c characters of the coral. IndiYidnals from other 
localities show the vertical rays to be very numerous, the cells to be 
abruptly deepened in the center, with a slight columella, and the trans­
verse diaphragms to be numerous and cy::;tose in structure. 

The species varies much in the size of the corallites in different 
individuals, and the general appearance of the specimens, when seen 
under different states of preservation, varies so greatly that they are 
not readily recognized as of the same species. When the upper coating 
or stirface of a specimen of this genus is removed by breaking or by 
weathering, as is often the case with the silicified examples, the 
exposed layer below· is seen to be composed of calyces covered or 
formed by numerous blister-like elevati()ns, resembling those forming 
the internal structure of the genus Oystiphyllum, and the surfaces of 
the blisters are marked by the remains of the radii.. In this condi­
tion they correspond to the genus Vesicularia Rominger, Geol. Rept. 
Mich., Vol. III, part 2, Pl. XLIX; and if the view is upon the under 
surface of such weathered spe-cimens, the cells appear as if raised and 
the center depressed as in Astrea mamillaris Owen ( =S. 1namillatus 
Rominger), and Vesimtlaria varilosa Rominger. This feature is 
also often produced in silicified and weathered specimens of Oyatho­
phyllum ·rugosun~ Hall, from the upper Hqlderberg group at the falls 
of the Ohio, which are often thought to represent a species of a dif­
ferent genus from those of the perfect coral. 

Formation and locality. In ~the coral beds of the Niagara group at Red Rive~, 
Kewaunee county, and in T. 24, R. ~4. Sec. 28; also at Forrestville and Bailey's Har­
bor, and in the Racine limestone ,at Wauwatosa. It has also been recognized in the 
Guelph limestone. It occurs also in the drift near Beloit, Wisconsin, and in Michigan, 
and in the Niagara limestone on Drummond's Island, and in Ohio. 
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GENUS ZA.PHRENTIS, Rafinesque. 

ZAPHRENTIS RAciNENsrs, n. sp. 

Plate XIV. Figs. 1 and 2. 

Corallum forming a short, rapidly.expanding, cup-shaped or tur­
binate body, nearly as wide as high, and strongly curved; calyx occu­
pying nearly the entire depth of the body; the floor, in a specimen 
measuring one and one-quarter inches in diameter, not exceeding 
three-eighths of an inch in width; longitudinal or vertical lamell::e 
moderately well developed, but very thin and distinctly alternating in 
size, increasing in number only along the primaries dividing the d01:sal 
and lateral sections; those of the two sections on the inner side of the 
curvature are more numerous than the others, counting ten in each 
division, while tho8e of the outer divisions are only eight on each 
side, making, to the entire cup, thirty-six primary lamellre on the 
specimen figu~ed; fos·set deep, situated on the outer side of the curva­
ture, very narrow, and having only one primary lamella depr~ssed 
within the cavity. 

The examples of the species observed are all internal casts of the 
cup, but are well marked and quite numerous. They present evidence 

. of the outer surface having beeii. transversely wrinkled, which, owing 
to the thinness of the substance, have shown in the m1p, and been pre­
served on the cast of the interior. The substance of the coral itself 
having been entirely removed from the rock by solution, it is impos. 
sible -to ascertain th~ characters below the cup, but as the species is 
common, and seems to characterize the Racine beds, it has been 
thought best that it should be noticed. 

Formation and locality~ In the Racine beds of the Niagara group,. at Rac!ne, and 
at Schoonmacker's quarry, near Wauwatosa, Wisconsin. 

GENus OY A.THA.XONIA., Miln~ Edwards. 

Qy ATHAXONIA W ISCONSJDNSIS. 

Plate XIV. Figs. 3-5. 

Cyathaxonia Wisconsinensis- Whitj.; Geol. Rept. Wis. for 1877, p. 79. 

AmoBg the many cyathophylloid corals of the upper Niagara for­
mation, represented only by casts of .the interior of the. cup, is one 
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having a deep elliptical cavity near the center, which has been formed 
by the removal of a thin, transversely elliptical and highly elevated, 
solid and subcentral axis, as in the genera OyatAaxon1'a and Loph.Q­
ph.yllu-m, presenting a feature entirely new,' so far as we are aware, 
among the corals of the middle silurian rocks of this country. The 
cor:;tl must have attained a length of three inches or more, by a trans­
verse diameter of one and one-fourth inches, judging from the size 
of the casts of the cup observed. The vertical lamellre have been 
strong and arranged in pairs, the secondary rays being quite subor­
dinate to the primaries; a large, deep fosset marks the bottom of the . 
cup on the convex side, and the upper transverse plate, forming the 
l>ottom of ~the cup, has been smooth and nearly half as wide as the 
coral opposite the base of the cup. 

The external features of the coral are not known, bnt as casts of the 
interior of the cup are not uncommon ·at many localities, and seem 
to mark a certain horizon, it has been thought worthy of notice and 
a name. The features given will serve to distinguish it from any of 
the associated forms, and should it be detected at other localities 
where the substance of the coral itself is preserved, the elevated col­
umella will then be a distinguishing feature. 

Formrttion and locality. In the upper part of the Niagara group (Racine limestone), 
at Racine and elilewhere in Wisconsin. 

GENUS A~IPLEXUS, Sowerby. 

AMPLEXUS FENESTRATUS. 

Plate XV. Figs. 1-3. 

Amplexus fenestratus- WhifJ.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 80. 

Oorallnm forming strong, simple, irregularly turbinate columns, 
often attaining a diameter of two and a half to three inches, and ap­
parently twelve or more inches in length, with distant, strongly pro­
jecting, periodic, lip-like varices, above each of which the coral is 
again contracted; cup deep; margin thick, except near the periodic 
varices, where it becomes much thinner than at other points; longi­
tudinal rays well developed, very closely arranged, and apparently 
subequal; transven:e _plates large and strong, closely arranged, and 
extending to about one-half the diameter of the body; interlamellar 
cystose divisions well developed and very numerous; exterior of the 
coral covered, when pe1;fect, by a thin epitheca, marked longitudinally 
by the rays, and, transverse~y by small elevations at the junction 
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of the walls o'f the interlamellar cysts with the epitheca, which is 
generally worn through, or ·originally left imperfect, the spaces ap~ 
pearing as minute transverse or elliptical perforations in the epitheca, 
giving a peculiarly roughened exterior surface, which will readily be 
distinguished. 

Fm·nwt·ion and localit.if. In the lower coral heels of the Niagara group, at Cato, at 
Cato's Falls, and at the rapids below Clark's Mills and vicinity, Wisconsin. 

GENus OMPHYMA, Rafinesqne. 

01\IPHY.M:A STOKES!. 

Plate XIY. Fig. 10. Plate XV. Fig. 4. 

Coral- Stolces ,· Geol. 'fntns. 2cl seric3, t. 1, p. 129, fig. 1. 
Pachyphyllu1n Stokesi :_Edwards d!: Ilaime; Polyp. Foss. Paleoz., p. 407. 
Omphynw Stolcesi (Ed. R H.) -Rominge1·; Geol. Mich., p. 119, Pl. 44, Figs. 1-4; 

Remains of a large species of coral, apparent1y of the genus Om­
phyma, is qnite abundant among the Niagara fossils from the Sheboy­
gan river and elsewhere in the state. Th~y consist only o£ the casts of 
the interior of the calyx, which has often attained a diameter of two and 
a half inches at the top; the primary rays, as shown on these casts, 
appear to have been forty or more in number, and to have been pretty 
strongly developed, excepting near the top of the cnp; while the sec­
ondary rays are but very faintly developed, scarcely showiug in the 
lo\ver part of the calyx, and only slightly indicated above. The floor 
of the calyx has been very broad, usually forming more than one-half, 
and often more than tlue~-fourths, of the entire diamet~r of the corai; 
it has been stt~ongly marked on its surface by the rays, which· extend 
to the center, and in some cases form an elevation in ~he middle_; the 
fosset has not been strongly developed, not showing distinctly in any 
of the examples studied. 

The generic reference of this species is by no means certain, and 
the specific features to be btained from the casts are so few that it 
has been deemed advisable to leave it without specific name until 
better material shall be obtained. The specimens are of rather un-

·usually large size for a cyathophylloid coral of the Niagara group in 
this country, and as they are quite abundant, and apparently confined 
to this horizon, it was thought well that attention should be directed to 
them. There is some resemblance between the casts of this species and 
the cup of 0. ver1·ucosa Ed. & I-Iaime, as identified and figured by Dr. 
C. Rominger, Geol. Snrv. Mich., Vol. III, p. 118, Pl. XLIV, Fig. 2. 

Fm·mation and locality. In the Waukesha beds of the Niagara group, at Mr. Pel~ 
ton's quarry, near Pewaukee, and in the R~eine beds at Racine, Wauwatosa and Mil­
waukee, and in the town of Rhine, on the.Sheboygan river, Wisconsin. 
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CRINOIDEA. 

GENus CARYOCRINUS, Say. 

0ARYOCRINUS ORNATUS. 

Plate XVI. Figs. 1 and 2. 

Caryocrinus ornattis- Say,· Jour. Acad. Nat. Sci. Phil., Vol. IV, p. 289~ 
" loricatus- Say; Ibid. 
" ornatus- (&xy) Hall, Blainville, Castelnau, Von Buch and others. 
" meconideus, C. hexagonus, C. granulatus, C. insculptus and C. globosus-

T1·oost; Cat. Foss. of Tennessee. 

The specimens of this species, like most of the fossils of the Niagara 
rocks in southeastern vVisconsin, are only internal casts, and show 
but little of the true character of the object it::;elf. Where the matrix 
has been preserved, there can, by taking an impression of it in wax, 
gutta-pE'rcha or some other substance, be obtained a representation. of 
the external features; but as these portions of the remains are seldom 
preserved, owing to their bulk and the difficulty of obtaining more 
than a fragment of an individual, thE;} internal cast only has been 
figured. 

The internal casts are usually of an ovoid form, more or less trun- · 
· cated at the upper end, and occur from half an inch to fully two inches 

iri length, the diameter varying greatly in different individuals. The 
surface markings on the casts differ very materially from those of the 
real object when perfectly preserved, and consist of a series, or several 
series of rhombic figures, with lines of minute tubercles bordering 
them. The lower series consists of six rhombs, arranged vertically, or 
with their points directed upward; the next series of six is arranged 
transversely; above this there is another series o£- more elongated 
rhombs, arranged, some vertical and others obliquely; the longitudinal 
axis of the rhombs depressed, and their surfaces striated in the same 
direction; above these last mentioned rhombic areas there is a series 
of irregular triangular areas bordering the filling of the arm openings; 
the dome is capped by smaller irregular plates, which are generally 
so arranged as to form a triangular pattern on the summit. 

The markings above mentioned. are the imprints of the interior 
surface of the plates forming the body, and do not represent, to any 
degree, the arrangement of the plates, except to one familiar with the 
structure of the perfect crinoid; they do, however, represent the exte-· 
rior surface marking, which is entirely composed of rhombic and 
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trapesoidal figures below the arm openings, six of which are arranged 
around the base of the body, with their longest diameters vertically 
placea; the next range is horizontal, and the third.· obliquely vertical, 
just as in the cast; the plates of the body are only four in the basal 
series, two quadrangular and two pentangular; the next or central 
range cpnsists of six plates, two of which are pentagonal, two hex­
agonal, and t\VO heptagonal; the third range consists of eight plates, 
six of whi'ch, if we consider the upper side, which is often truncated 
by several plates, as one face only, would be pentagonal, and the other 
two smaller ones would be qnadmngular; upon the upper surfaces of 
these last plates rest those giving origin to the arms and to the oral 
aperture; they are small, irregular, and apparently increase in num­
ber with the increased size of the indivi~ual. The dome has usually 
a central, seven sided plate, with seven unequal plates surrounding it, 
completing the dome. The oral pyramid is a small elevation, situated 
laterally at the edge of the dome, and is composed of five small, 
pointed plates. 

The species is a very beautiful one, but is subject to considerable vari-' 
ation in form, and the strength of the surface marking, which fact 
has given rise to the description and founding of several species. One 
of the specimens figured on Plate XVI, ~ig. 2 represents a very marked 
variety; having a broad flattened dome, entirely .different from the· 
normal fo.rm, and may possibly have had a greater number of principal 
plates in its composition; but this portion of nearly all crinoideans is· 
snbject""to much change at different stages of growth, and should not be 
considered as bearing upon the specific relations of individuals, unless 
where there is a decided and marked difference in structure. 

Formation and locality. In the Niagara group generally, but in Wisconsin it has 
been detected only in the Waukesha and Racine beds. In the Waukesha beds, it has 
been not1ced at Pewaukee and at Mr. Johnson's quarry, in the town of Genesee, and in 
the Racine beds, at Racine, Greenfield, Waukesha, and Sturgeon Bay, Wisconsin. 

GENus G LYPTASTER, Hall. 

GLYPTASTER OCCIDEN'fALIS. 

Plate XVI. Figs. 3 and 4. 

G1yptaster occiden.talis....:....Hall; Trans. Albany Inst. Vol. V, 1863. 
" " " 20th Rept. State Cab. p. 326, Pl. X, fig. S. 

The original specimens of this species were from the soft clayey 
rocks of the Niagara group, at Waldron, Indiana, and preserved the 
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substance of the organism, ~nd also retained all the markings of the 
exterior surface of the plates of the body. The species as recognized 
in \Visconsin is in .the condition of internal casts of the cup, an·d re. 
tains only slight indications of the ornamentations of the surface, con­
sequently the identification is not positive; as we have not yet been 
favored with an impression of the exterior of the body; a part which 
it would be well for collectors to remember is of the utmost import­
ance in making correct identifications of species, and to the perfect 
understanding of the true character of most of the fossils of these 
dolomitic limestones throughout the state. 

The fortb of the body of the crinoid, as shown by these internal 
casts, is broadly obconical, more rapidly spreading below than above, 
and ·having an obscurely pentangular form, when viewed from below, 
owing to the flattening of the interradial and anal areas, between the 
n1ore prominent angular radial series of plates. The lo\ver part of 
the cup is also marked, when viewed in this manner, by a more or less 
distinct, five-pointed star; the ~.pices of the rays of which are con'tinued 
in a sle.nder rounded ridge, often obsolete, traversing the crest of the 
angles of the cup, which forms the center of the radial series. The 
ridges forming the star-shaped pattern of the base rise from the 
center of the snbradial plates, at the reentering angles of the star, and 
their points terminate at the center of the first radials. Above this 
there is a second and third radial, often plainly traceable on the cast, 
upon the last of which the ray divides and is continued upward to the 
margin of the cup in a double series of snpraradials, so far as can be 
determined, making ten arms to ·the body at the top of the calyx, 
The true basal plates appear to have been small and concealed by thu 
column. The interradial series have had one first interradial sup­
porting two in the second and third ranges, at least in some of the 
areas, if not in all, above which they are not traceable on the specimen 
used: The first anal plate had been larger than the first interradial, 
and seems to have supported three others in the second range, above 
which they are too indistinct for determination. There have been 
intersupraradial plates, but above the first single one their characters 
cannot be ascertained. 

The surface of the plates has been marked by radiating ridges, 
diverging from the centers and uniting with those of the adjacent 
plates in the ordinary manner, those of the principal rays forming 
ridges traversing the ray and its division from the first radial to the 
margin of the cup; while those from the centers of the subradials to 
the first ·radials form the star-shaped pattern of the base, as seen on 
the cast. 
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The species is a well marked form among the ·crinoidians of the 
Wisconsin Niagara rocks, and is readily distinguished by its broad, 
pentangular body, and the stellate base. It is very closely allied to, 
if not identical with G. brachiatns I-Iall, from the Niagara shales of. 
New York. 

Fm·mation and locality. In the Niagara group (Racine limestone), at Racine, Wis­
consin. 

GENUS GLYPTOORINUS, Hall. 

GLY .PTOCH.INUS NOBILIS. 

Plate XVI. Figs. 9 and 10. 

Glyptoct·inus nobilis-Hall; Rept. Prog. Geol. Surv. Wis., 1861, p. 21; and, 20th 
Rept. State Cab. N.Y.; p. 328, Pl. X, Figs. 9 and 10; 
Geol. Rept. Wis., 1862, p. 431. 

Body large and robust, somewhat rapidly expanding from the base 
to the origin of the free arms, abo·ve which it is highly dome.shaped 
and surmounted by a strong proboscis, rising from an inflation which 
characterizes one side of the body. Arm bases deeply lobed, the 
strongest constrictions. being above the interradial series of plates, 
and the secondary lob~tion marking the divisions between the arms 

·of the same ray. · 
As the specimens preserved in collections consist mostly of internal 

casts of the body, the external features of the plates are seldom seen, 
and the division of the calyx into series of plates, not observed. 
When these features are sufficiently preserved to be traced, the cup is 
seen to be composed of five series of radial plates, each consisting of 
three ranges, the upper one of which is surmounted by two other 
series of two ranges, and these again by two other series, at least in. 
most of the rays, thus giving four arms to each ray, while yet form- . 
ing the body of the cup. Above this the structure of the arms has 
not been determined. The interradial ·series consists of a first large 
plwte, which rests upon the upper lateral faces of the first radials, ·and 
in turn supports two smaller plates in the second, w~th two or three 
in the next range, and smaller ones, the number not determined, sit­
uated higher up between the arm bases. , 

The surface ·of. the plates, the markings of which are not· unfre. 
quently shown to a greater or less degree on the casts, is characterized 
by raised radiating lines passing from· the center of one plate and 
uniting with those of the adjoining plates, s9 as -to form a series qf 
stellate markings, while along the course -of the ray these lines are 
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stronger, and form a set of elevated ridges, which traverse the ray 
and all its ramifications. The dome is composed of· a series of large 
plates, with smaller intermediate ones, all having tl1is same system of 
radiating lines, giving the stellate character to the surface so distinct 
.on the calyx. 

On many of the internal casts there are apparent the remains of a 
system of alimentary or vascular channels, which originate, one ft·on:t 
each division of the ray at the arin opening, and as they pass upward 
over the surface of the dome, in the· cast,. unite with each other in 
pairs; and finally· all join together at the base of the proboscis, 
usually in a tubercle or node, which has possibly marked the position 
of an anal opening. 

The species is quite common in some of the upper layers of the 
Niagara group, and often attains a very large size. It may be readily 
distinguished from G. armosus McChesney, with which it is ali:nost 
invariably associated, by the greater inflation at the base of the pro­
boscis, and by noticing that the termination of this organ is directed 
upward from the highest point of the dome; while that of that 
species is directed across the top and down the opposite side. It is 
even more readily distiQguished from La1npterocrinus injlatus, also 
associated in the same rocks, and which resembles it closely in the 
inflation of one side of the dome, by observing the double sets of arm 
bases in this one; whereas, they are single in 'that, and also by the 
proportional shortness of the calyx. 

Formation and locality. In the upper part of the Niagara group (Racine limestone), 
at Racine, Greenfield and Waukesha, Wisconsin. 

GLYPTOCRINUS ARMOSUS. 

Plate XVI. Fig. 11. 

Eucalyptocrinus armosus-McChesney; Desc. New Pal. Foss., Chica.go, 1859, p. 95. 
= Glyptocrinus armosus (McC.), Meek in 
reprint, Trans. Acad. Sciences, Chicago, 
Vol. I, Pl. VII, Fig. 6 a and b. 

Glyptocrinus siphonatus -Hall; Re:pt. Prog. Geol. Surv. Wis., 1861, p. 22; 20th Rept. 
State Cab. N. Y., p. 328. 

Glyptocrinus armosus (McC.) :_Hall; 20th Rept. State Cab. Explan. of Pl. X, 
Fig.ll. 

This species somewhat closely resembles G. nobilis in its general 
form, and in the structure of the body, it also attains an ·equal size; 
but the proportional depth or height of the calyx is much greater in 
comparison with the part above the arm openings; and the location 
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of the a'rm bases is usually more decided at the interradial areas, and 
often less distinct between the different members of the same ray. 
This feature gives a more distinctly pentalobate character to the 

. casts, when viewed from below. The principal point of distinction, 
however, between the two species, consists in the direction of the 
proboscis; that one rising upward from the summit of the dome, 
while in this it is folded over or across the summit, and terminates 
in a small point between two of the lobes of the body; forming as it 
were a siphon across the dome of the body. This feature results in an 
entirely different structure of summit in the perfect form, as in the 
former· case· it. prbdnces an upright proboscis of considerable length; 
whiie in this one the result is a rounded summit, and an anal' open­
ing low down on the side, between the postero-lateral rays; thus 
showing. very conclusively that the inflation of the do.me in both 
species characterizes the anterior side of the crinoid. 

Format-ion and locality. In the upper part of the Niagara group (Racine limestone), 
at Racine, Greenfield and Waukesha, Wisconsin. 

GENUS EUOAL YPTOORINUS,- Goldfuss. 

EucALYPTOC3.INus coRNurrus. 

Plate XVI. Figs. 5-8. 

Eucalyptocrinus cornutus- Hall; 20th Rept. State Cab., p. 322. Pl. XI, figs. 6-10. 

The specimens of this species in the collections under examination 
are not as well preserved as those from which the original description 
was made, consequently I have reproduced Prof. Hall's published ' 
description of the species, and add some features, not previously 
known, from one of those under examjnation. 

"Body (without the arms) somewhat turbinate, distinctly angular, 
with the base broadly truncate and more or less concave. Basal plates 
comparatively large, extending from the center. nearly one-half the 
distance to the edge of the truncation. First radial plates large, form­
ing the circumference o£ the base, and abruptly bending upwards, they 
extend nearly one-third the height of the calyx; second radial plates 
sinall; third radials much larger than the second, supporting the first 
snpraradials, which are of moderate size. The first interradial plate 
is eomparatively large, commencing just above the basal truncation. 
and supporting two smaller plates above. 

"Each of the first radial plates on the part just above the basal 
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truncation, bears a strong c~ntral spine, with a prominent ·rounded 
ridge on each side, extending to the upper lateral margin and joining 
a similar ridge on the interradial plate, and another ridge extends 
from the upper side of the central spine, and joins a similar ridge on 
the succeeding p)ate; this ·is continued to the third radial, where it 
divides and extends on the supraradials. 

"The interradial plates of the first series are marked by similar 
strong ridges, which culminate in a strong node or short spine in tJ-te 
center. 

"The finer surface markings are not known. Arms unknown." 
· A single individual in the collection preserves a part of the matrix 
with impressions of some of the interbrachial plates, a feature not be­
fore noticed in this species. The form of these appendages differs 
very materially from the corresponding parts of any hitherto known 
American form, and· resembles somewhat those of E'. rosacett(;8 Goldf. 
from the· European strata of similar age. Those_between the divisions 

. of the rays are small.and rather short, extending only to about half, or 
a little more than half the height of the dome; their upper ends are 
thin, and projecting somewhat beyond the line of the outer surface . 
. Those resting upon the upper interradial plates and dividing the two 
adjacent rays are la·rger, and extend to a much greater height, their 

· upper ends extending outward and upward to a considerable distance, 
in the form of thin, flattened or laterally compressed spines, the top 
~f which have apparently reached as high as the summit of t.hP. dome. 
This latter part, as shown in a gntta-percha cast made in the matrix, 
"\vas of only moderate height, and nearly hemispherical to near the 

·middle. The central range of plates forming the summit of the dome 
appears to have been removed previous to imbedding, so that the 
form of the center cannot be positively determined. 

The internal cast of the specimen is of the deeply excavated form 
to which Prof. Hall gave the varietal name excavata, and it may be 
that the two forms· possessed differently formed domes and i•nter­

. brachial plates, as well as being more deeply excavated at the base; 
· but this latter feature alone would ~carcely be sufficient to warrant a 
specific separation, as is shown by specimens of E. crassus Hall, and 

· some others. The surface markings of the calyx, as shown on a small 
portion preserved in the aforementioned matrix, is essentially the 
same as that of the E. corn'ntus figured by Hall. 

Formation and locality. In the Racine beds of the Niagara group, at Racine, Green­
. field, ·waukesha and Wauwatosa. Wisconsin. 
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BRACHIOPODA. 

GENUS SPIRIFERA, Sowerby. 

SPIRIFERA. RADIATA. 

Plate'XVII. Figs. 1 and 2. 

Spi1i{era plicatellus, var. radiatus-Sow.; Minn. Conch., Vol. V, p. 493, Figs.- I and2. 
" radiatus J. D'C. Sowerby.; Murch. Sil. Syst., Pl. :XU, Fig. 6. 
" radiatus (Sow.)-·Hall; Pal. N. Y., Vol. II, p. 66, Pl. XXII, .Fig. 2; pars. 8, 

p. 265, Pl. LlV, Fig. 6. 
Spirifera plicatella, var. radiata (Sow.) -Hall; 20th Rept. State Cab., p. 371, Pl. XIII, 

Figs. 9-li. 

Shell snbglobose or transversely oval and extreme1y gibbous, with 
a strong ventral beak, rounded cardinal angles, a.nd short, not well de­
fined cardinal area. Ventral valve much larger than the dorsa1, most 
ventricose just above the middle, and marked by a very distinct sub­
angular·mesial depression. Dorsal valve almost regn1arly arcuate, 
both longitudinally and transversely, with a very distinct rounded fold 
along the middle. Surface of the shell, as shown in the matrix, cov­
ered with rnoderate1y strong radiating strire, and sometimes showing 
concentric varices of growth. 

The specimens of the species obse'rved from Wisconsin are all inter­
nal casts, and in this condition show peculiar features of the internal 
structure, as has been noticed by Prof. I-Iall in the 20th Rept. State 
Cab., loc. cit. These features consist principally of slits extending 
from the beak along the valve to near the middle and sometimes 
beyond the middle of its length, the slits being caused by the removal 
of prolongations of the dental lainella of the ventral valve~ and of 
septa in the dorsal, these latter originating at the base of the crural 
supports. The specimen here figured possesses these septa to but a 
very slight degree, and in this respect, corresponds almost exactly with 
forms in the Niagara group at Waldron, Indiana, as well as in the 
more round~d outline of the body of the shell. It is a very widely 
distributed species, and an excellent guide in determining the age of 
strata, having been found in many parts of. Europe, as well as being 
generally distributed in the rocks of this age throughout this country. 

Formation and locality. In the upper part of the Niagara group (Racine limestone), 
at Racine, Burlington, Greenfield, Waukesha, Wauwatosa, Milwaukee, and at Stur­
geon Bay, !Uld in the Guelph limestone at Sankville, Wisconsin. 
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GENUS PENTAMERUS, Sowerby. 

J:'ENT.A.:I'tiERUS OBLONGUS. 

Plate XVII. Figs. 4-9. 

Pentamerus oblongus- Sow; ill Murch. Sil. System, p. 641, Pl. XIX, fig. 10. 
" " (llfurch)- Hall; Pal. N. Y., Vol. II, p. 79, Pls. XXV and 

XXVI. . 
" " (Sow.) H. & W.; Pal. Ohio, Vol. II, p. 137, Pl. VII, fig. 9; 
" " Of Authors. 

Not Pentamerus bisinuatus- McChesney; New Pal. Foss, 1859, p. 85, nor Trans. A cad. 
Nat. Sci., Chicago, Vol. I, p.- Pl. IX, fig. 1. 

Shell usually ovate, more or less elongate, widest below the middle, 
and narrowing toward the beak; valves depressed convex to extremely 
gibbons, tJ:te ventral valve the largest, and usually much the most 
ventricose. Surface .of the valves. marked on the dorsal side by a 
broad, undefined mesial elevation, and on the ventral, by a correspond­
ing depression, or oftentimes by an elevation of similar character to 
that of the dorsal, in which case the front of the shell is extended in 
length to compensate for the additional depth of the valves. 

This species is a very common one, not only within the limits. of 
Wisconsin, but occurs in equal abundance in many other parts of the 
country where the Niagara formation exists, and. also in Europe, at 
the same horizon. In character, it is extremely variable, often pre-­
senting, at a certain-locality, local variations of form that prove very 
persistent over limited geogmphical areas, but within a few miles dis­
tance, perhaps, another form of quite a different character will pre­
vail. These changes of form are also noticed as characterizing differ­
ent geological horizons within ·limited geographical areas, and still 
prove so persistent· throughout all the individual specimens occurring· 
at that horizon, that they have often, and with much reason·, been 
·considered as distinct species. Within the limits of the Niagara 
group in Wisconsin, there are several of these local varieties, which 
difier from each other, either in size, in general form, or in surface 
markings. As the specimens are all in the condition of internal casts, 
the peculiarities of the internal divisions of the shell a!so add con­
siderable to the peculiar~ ties of form; so that there are almost as 
many varieties as there are localities and geological horizons repre-

. sented in the collection. 
From Elmore, Wisconsin, we have a form which is elongate-ovate 

in outline (:figs. 4-6), widest near the lower end, and narowing towards 
the shoulders or extremities of the cardinal line; the lateral margins 
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gradually diverge from this point to that of greatest width. In pro­
file, the valves are only moderately convex, the dorsal being quite de­
pressed convex, and the valve very shallow; the ventral valve is about 
twice as deep as the dorsal, and correspondingly convex, with the 
beak extending considerably above that of the dorsal valve and 
strongly incurved. The valves in most specime?s are each charac­
terized, by a broad, indistinct elevation or fold accompanied by an ex­
tension of the front margin within the limits of the elevated part, and 
the surface of the shell- is marked by a number of irregulai·, radiating 
plications, which are but faintly marked; and also by numerous dis­
tinct, concentric lines or varices of growth. The interior markings 
or cavities left by the removal of the internal sep'ta, which form deep 
incisions in the upper part o! -each valve, are only moderately strong, 
and show the form of these parts in a very clear and distinct manner, 
as may be seen by inspection of the figure of the specimen from this 
locality. This variety appears to have approached more nearly to the 
normal form of the sp~cies, as it is represented in the Clinton group 
at Rochester, New York, and at nearly the same horizon in England, 
than those from any other locality in the state. They also occur of 
very large dimensions. 

From the white cherty layer!) of the coral beds in. the Niagara 
group, at Port de Morts, there occurs a sh~rt broad form of the spe­
cies, wLich is generally subcircular or subpentangular in oi1tline 
(fig. 7), having the valv~s moderately convex, being lenticular in pro­
file, a11d the beak of the ventral valve quite prominent and in curved; 
the mesial fold is inconspicuous, and the surface covered. by a large 
number of faintly marked, radia.ting plications. These beautiful 
white cherty casts. show the internal septa to have been unusually 
slender, and extended to a much less distancJ into the valve than 
those of the last .mentioned variety. 

Another form presenting marked peculiarities occurs at Ashford, 
Fond dn Lac county, in the upper coral beds of the formation (figs. 
8 and 9). The form is short-ovate, widest across the extremities of the 
cardinal slopes, below which point the form is rounded or narrowed 
to the front, in this re~pect often just .the reverse in shape from those 
first described. The valves ·are quite ventricose, being often gibbous 
and most prominent a little above the middle of the length, the dorsal 
valve but slightly .Jess gibbous than the ventral, but considerably· 
shorter; the beaks of each valve are strongly incurved. The surface 
of these specimens is marked by radiating plications, but quite indis­
tinctly, ·the fold8 being broad and shallow. The cavities left by the 
remov_al 9f the internal septa are very large and rude in character, in-. 

VoL. IV.-19 . 
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dicating strong processes mucl~ thickened by excess of shell material. 
The sq uareness of the shoulder~ or cardin a) slopes, also indicates a 
great thickness of shelly matter b~neath the hinge, in the rostral por­
tions of the ventral valve. .The peculiarity produced by this thicken­
ing of the upper portions of the interio~ of the shell in these speci-. 
mens is such as to presen_t the appearance of great deformity, and is 
not confined to a few individuals only, but is common to most of the 
shells from the same horizon at this locality. · 
: Beyond the forrris mentioned, there are many others equally marked 
and of local occurrence, presenting features that in most other genera 
would be considered of specific importance, and we are strongly irn­
pressed with the belief, that in most of these cases, these peculiarities 
were accompanied by external and other differences when in a living 
state, that would, could the shells be seen as they then were, be con­
sidered of specific importance; but which now appear, or are consid­
ered as only individual features, or the ~light effects of local. conditions 
acting upon specimens of one and the same species. 

Formation and locality. The species occurs, in some of its forms, at most of the lo­
calities of the Niagara. formation throughout the state. It also occurs abundantly at 
~any places in Iow·a, and in ·ohio and New York, often forming beds of se~eral feet in 
thickness, so densely P.acked together that the rock seems to be almost composed of its 
remains. 

PENTAMER us BISINU.ATUS. 

Plate XVII. Fig. 3. 

Pentamerus bisinuatus- McChesney; Trans. Acad. Sci., Chica.go, Vol. I, p. 30. Pl. 

" " 
IX, Fig. 1. 

Me C.; Extract of the above. Descript. new sp. Fossils, 1859, 
p. 85. 

Shell closely resembling P. oblongus (Sow. in Murch. Sil. Syst.) in 
all external features and form, being ovate in outline and lenticular 
in profile. The shells are also frequently characterized by a well 
marked sinus on each side ofthe center, extending from the middle, 
or from above the middle of the valve to the front margin, giving a 
well defined trilobed feature to the specimen. This feature is not 
always present however, and c•n small or medium sized individmtls 
never shows to any great extent. There are also numerous raidiating 
plic~tions, obscurely marking the casts in many cases, but not always 
present. 

The principal and only important distinction between this and P. 
oblongus consists in the form of the internal appendages of the dor­
sal yalve, .which, instead of two long, projecting crura, gradually and 
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gently diverging as they recede from the apex of the valve, consists 
of a single septum, which supports a broad and distinct spoon-shaped 
cup or process neat• the apex, and is continued on the inner surface 
of the shell, along the middle of the valve. as a single septn :n only, 
sometimes becoming free from the valve at the upper third of its 
length, but in other individuals remaining attached to, and extending 
along the shell to near the lower third of the length of the valve, pro­
ducing on the internal casts the feature of a single slit, occupying the 
median line of ·the valve. In the features of the ventral val vc it is in 
all essentials like those of P. oblongus. It will at once be· seen that 
the internal arrangements of the dorsal valve of this species have been 
quite unlike those of P .. oblongus/ consisting, in short, of a single. 
~entral septum, with a spoon-shaped cavity near its up'per end, 'in­
stmid of two separate processes situated at some distance from each 

· other. This difference appears to tne to be of conside1·able impor­
tance, at least sufficient for retaining it as a distinct species. 

Formation and locality. In the limeston~ of the Niagara group at Rhine, Sheboy­
. gn.n county. In the Lower Coral beds <it occurs at Cato. In the Upper Coral beds it 

hns been noticed from Cato, Gibson, Ke\Yaunee and Forestville, and from the Rn.cine 
beds, at Wauwatos<t and Milwaukee, Wisconsin. 

PENTAMERUS VENTRICOSUS. 

Plate XVII. Figs. 11-13. 

Pentamerus ventricosus-Hall; Geol. Surv. Wis., 1860, p. 2, Rept. Prog., and Geol. 
Revt. \Vis., Vol. I, p. 436. 

" " Hall; 20th Rept . .State Cab., p. 374, Pl. XIII, figs. 18-21. 
Comp. Athyris (Pent.) trisinuatus- McChesney; PaL Foss., p. 86; accompanying 

plates, Pl. VIII, p. 2. 

·Shell small, rotund, app~oaching subglobose, usually wider than 
long; cardinal margin arcuate, becoming more strongly rounded to­
wards the sides of the shell. Dorsal valve strongly ventricose, most 
highly elevated in the upper part, the middle portion form.ing a mod­
erately broad, more or les~ elevated and rounded mesial fold; beak 
distinct and incnrved. Ventral Yalve much larger than the dorsal, 
with a large rounded incurved beak; mesial sinus ~ot always distinct 
overthe valve, but extended at the margin, forming a lingulate ex­
tension of Yariable size indifferent individuals, and frequently marked 
on the sides by impressed lines. Not unfrequently the middle por­
tion of both valves is marked by several incipient plications. 

The surface of the shell, as indicated on casts, has been more or less 
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mark~d by concentric lines of growth, and sometimes also by finer 
radiating lines. 

The species does not appear to be a true Pentamerus, departing 
from the true character of that genus in the internal arrangement. 
of parts. It is possible it may be, as Prof. Hall suggests in the 20th 
Rept. State Cab., a species of Pentamerella, still it is so unlike, in many 
particulars, true forms of that genus as to be equally doubtful. In 
some of the more strongly plicated forms it rassmbles, quite strong­
ly, specimens of P. fornicatus IIall, from the Clinton limestone of 
New York. 

F01·mation and locality. In the Niagara limestone at Kewaunee. In the lower coral 
beds it has been recognized at Cooperstown and Cato, and in the upper coral beds, at 
Cato Falls. In the Waukesha beds,·at Pewaukee. In the Racine beds, at Racine, Green­
field, Waukesha, Wauwatosa, Mil waukee, Kewaunee and- Sturgeon Bay, and in the 
guelph beds, ~t Saukville and Sheboygan. 

LAMELLIBRkNCHIATA. 

GENUS LEPTODOMUS, McCoy. 

LEPTODOMUS NEGLECTUS. 

Plate XVIII. Figs. 3 and 4. 

Ambonychia neglecta-McChesney; New Species, Pal. Foss., p. 88, 1861. 
P~trinea neglecta-McC.; Explan. Pl. IX, Fig 2, Illust. New Pal. Foss., 1865. 

" neglecta-(McC.); W. & Marcy; Mem. Bos!i. Soc. N. Hist~, Vol. I, p. 96,1865. 
A.mphicml-ia ne,qlecta- McChesney; Trans. Acad. Sci., Chicago, Vol. I, p. 41, Pl. IX, 

Fig. 2, 1868. 
Amphicmlia Leidyi- Hall; Sup. to l~th Rept. State Cab., p. 35, 1865. 

" " Hall; 20th Re-pt. St. Cab., pp. 339 and 387, Pl. XIV, Figs.13-15. 
" neglecta- (McChesney); M. & W. Geol. Ill., Vol. III, p. 358, Pl. V, Fig. 9. 

Shell ovate or subqnadrate in outline, with ventricose valves; pro­
vided with large, strong, enrolled beaks, which are situated very near 
the anterior extremity ·of the shell, and project somewhat above the 
line of the hinge. Valves most ventricose just below the beak and 
gradually declining backward to the posterior margin, with a v~ry ab­
rupt anterior slope. Anterior margin rounded and full, longest below 
the middle of the valve; base broadly rounded, and the posterior ex­
tremity more sharply rounded; hinge line straight, usually about two­
thirds the length of the shell below, or les.s. Surface of the shell 
marked by fine radiating lines or ribs, which are simple and rounded, 
·showing no evidence of bifurcations. On the anterior end, the rays are 
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extremely fine, but are stronger on the middle and posterior slope of 
the valves. A few obscure concentric undulations of growth also ~ark 
the shell at certain stages of growth. . 

The shells of this species appear to undergo great variation in forrri 
in different individuals, some of them being much more prolonged 
posteriorly than others; some of them are almost quadrangular in 
outline, while others again present an .almost orbieular form. They 
also vary m .lCh in the length of the anterior end, and the abruptness 
of the anterior slope, as well as in the degree of ventricosity of the 
valves. They are usually found only as internal casts, but occasion­
ally an individual is obtained preserving a portion of the surface, as 
in the one figured, and in this condition the surface radii are plainly 
seen, though on the complete casts this feature can seldom be detected. 
The casts sometimes show evidence of ·an external and longitudinally 
striated hinge plate, and the remains of a large tooth and socket, or a 
ligament pit beneath the beak. The presence· or absence of one or 
more of these features on specimens has caused it to be referred to 

. several different genera, at different times, by those who have had oc· 
casion to speak of it. There seems to be little 01 no doubt, however, 
but that it should be referred to McCoy's genus Leptodomus.' 

Fo:·mation a11d locality. It seems to be rather generally distributed through the upper 
part of the Western Niagara group, but nowhere very common. It occurs in the Ra.cine 
limestone, at Racine, Waukesha and Wauwatosa, in Wisconsin; also at several places 
in Illinois and Iowa. 

LEPTODOMUS UNDULATUS. 

Plate XVIII. Figs. 1 and 2. 

Leptodomus undulatus- Whitf.; Ann. Rept. Geol. Su::··. Wis. for 1877, p. 81. 

Shell of rather more than medium size, obliquely broad-ovate in 
outline and highly convex; hinge-line short, not more than half as 
long as the shell below; beak broad and strong, but not at all prom-

·inent or projecting, situated near the anterior extremity, sHghtly en­
rolled and directed forward; umbo prominent below the beak;_ anterior . 
margin of the shell -rapidly sloping backward with a convex curva­
ture, and wit4 the basal and posterior margin forming two-thirds of 
an elliptical curve; posterior margin sloping rapidly backward from 
the extremity of the hinge-line, .and rounded below; umbonal ridge 
prominent and rounded: cardinal slope abrupt and slightly concave 
just behind the beak. Surface marked by a few strong, regu1arly 
rounded, concentric undu1ations parallel to the margin of the sJ?.ell, 
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and regularly increasing in strength with the increased size of the 
shell. 

The species is a well marked form,. and readily distinguished by 
the strong concentric undulations. 

Formation and locality. In the Niagara limestone (Racine), Wauwatosa, Wisconsin. 

GASTEROPODA. 

GENus EUOMPHALUS, Sowerby. 

Euo:MPHAL us MACROLINZATus. 

Plate XVIII. Figs. 5 and 6. 

Euomphalus mac1·olineatus.- Whitf: Ann. Rept. Geol. Surv. Wis. for 1877, p. 82. 

Shell large and robust, subdiscoidal with a depressed convex spire, 
composed of about three strong, rounded or elliptical volutions, the 
inner one rising but little above the next succeeding, and the last 
more rapidly increasing in size; transverse section of the volution ap­
parently broad-ovate, being more sharply rounded on the outer side 
than above; suture lines strongly marked. Under side of the shell 
unknown. Surface of the volutions marked with strong, distinct, an­
giilarly elevated, revolving lines or ridges, with concave interspaces on 
the top and sides; those on the upper side of the impression of a frag­
m~nt, where the volution has been a little more than one inch in di­
ameter, are about one-sixth of an inch from crest to crest. Transverse 
lamellose strire are observed crossing the revolving lines, and appar­
ently rising into points on the ridges. 

One fragment in the collection indicates a shell of more than four 
inches in diameter. The large size and strong revolving lines will 
readily distingush this from any other American species. The species 
is of the type of E. discors;" E. angulatus and E. rugosus of the 
European Upper Silurian, but differs from them all in the greater 
number of revolving ridges, and in being much less rugosely lamel­
lose; its nearest relations are with E. discors, but would never be 
mistaken for that one. 

Formation and locality. In the Niagara group (Racine), at Kunz's quarry, Manito­
woc Rapids, Wisconsin. 
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GENUS RAPHISTOMA, Hall. 

RAPHISTOMA N IAGARENSE. 

Plate XVIII. Figs. 10-12. 

Raphistoma 1\·iagarense- Whiif.; Ann. Rept. Geol. Surv. Wis. for 1877, P·. 82. 

Shell of rather large size, trochiform or subdiscoidal, depressed 
convex above and below, and acute on the periphery; transverse diam­
eter almost twice as great as the height of the shell, measured from 
the baHe of the aperture to the top of the spire. Volutions about 
three, subtriangular in section and slightly wider than high, the upper 
surface very slightly convex between t~e suture line and the edge of 
the shell; lower side of the volution a little more rounded than the 
upper, to near the margin of the umbilicus, where it is more sharply 
rounded into the cavity, and vertical above. Umbilicus small and 
deep, exposing all of the inner volutions. Aperture subtriangular, 
most acute at the outer edge, rounqed on the lower inner border, and 
slightly modified on ·the upper side by the preceding volution, which 
is apparently overspread by the inner lip. Columellar portion thin 
and nearly vertieal. lVIargin of the lip thin and sharp, strongly re­
ceding from the suture to the exterior angle of the volution, with a 
distinctly sigmoidal curvature both above and below. Substance of 
the shell thin. Surface marked by fine strire of growth paralJel to 
the margin of the aperture, and also by revolving lines, which on the 
upper surface of the outer volution are about half a line apart, and 
on the under surface are finer and more numerous. 

This shell bas all the features of the gen ns Raphistoma Hall, so 
far as can be determined irom a very well preserved example retain­
ing portions of the original shell; and we can see no reason why it . 
should not be so placed. Similar forms have been referred with 
doubt to the genus Xenophora Fischer, by Mr. Meek, who proposes 
the name Psettdophorus for an Upper Helderberg form from Ohio, 
which probably has the umbilicus closed (Pal. Ohio, Vol. I, p. 222); 
but this species having the umbilicus open, and constructed exactly 
as in Ilapl"~Jistoma lenticu_laris, would hardly answer to that r.equire· 
ment. 

Formation and locality. In the Niagara group, at Schoonmacker's qu~rry (Racine 
limestone), near Wauwatosa, Wisconsin. · 
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GENus PLEUROTOMARlA, De F~·ance. 

PLEUROTO:MARIA LAPHAM!. 

Plate XVIII. Fig. 9. ' 

Pletwotomaria Laphami- Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 84. 

Shell of medium size, spire conical and moderately elevated, the 
apical angle being ninety degrees or a little less. Volutions three and 
a half to four, subtriangnlar, flattened exteriorly in the direction of 
the apical angle, subangnlar on the periphery and rounded below; su­
ture indistinctly marked on the exterior of the shell, as shown by the 
impression left in the stone, but very distinct on the cast of the in­
terior; aperture round- triangular; umbilicus proportionally large. 
Surface of the shell smooth, or marked only by fine strire of growth. 

This species very closely resembles P. subconica Hall, from the 
Trenton limestones, but is somewhat more slender, is less rounded on 
the lower side of the volutions, and they also increase less rapidly in 
size. 

Format-ion and locaUty. In the limestOne of the Niagara group, at Ashford railroad 
cut, Ashford, Wisconsin. 

PLEUROTOMARIA RACINENSIS. 

Plate. XVIII. Figs. 7 and 8. ~ 

Pleurotomm·ia Raci1tehsis-Whitf. ,· Ann. Rept. Geol. Surv. Wis. 1877, p. 84. 

Shell of medi urn size, composed of from three to three and a half 
volutions, which increase very gradually in size with. the increased 
age of the shell, and are subquadrangular in a transverse section. 
Spire very low, the entire height of the shell equaling only about 
one-half of the transverse diameter. Volntions flattened on the 
upper surfa~e and very rapidly sloping on the outer surface, the edge 
being nearly vertical; under surface very depressed convex, more 
rapidly rounding within the broad umbilical cavity. Along the lower 
peripheral angle of the volution, as seen on the internal cast, there 
occurs a thin, sharp carina, indicating the presence of a revolving 
groove in the shell, and probably a slit in the margin of the lip. 
Surface of the cast marked on the nearly vertical exterior :margin by 
distant, vertical ridges, at regular intervals of about one line on the 
outer volution of the specimen figured. 

The species has the general form and appearance· 0-f E1tomphalus 
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(Str•aparollus) mopsus Hall, froin this same formation, but differs 
in the presence of the carina and in the subquadrangular form of the 
volution. 

Formrltion and locality. In the Niagara group (Racine limestone), at Ra~e, Wis­
consin. There is also a form undistinguishable from it in beds referred to the lower 
part of the formation, two miles south of Little Sturgeon Bay. 

CEPHALOPODA. 

GENUS ORTHOCERAS, Breyn. 

OR'~HOCERAS WAUWATOSENSE, n. sp. 

Plate XIX. .Fig. 2. 

Shell cylindrical, very gradually· enlarging from the apex; the in­
crease in diameter being only one-fourth of an inch in a length of 
three and a hal£ inches. Section circular and the shell quite thick. 
Septa 'very deeply concave, in fact but little less than hemispherical. 
Siphuncle apparently central. Surface of the shell marked by strong, 
elevated, flattened, encircling lines, which w.ill average about six in 
the space of ·one-fourth of ari inch; but which are not quite regular; 
sometimes interrupted, and have from one to three finer strire in .the 
spaces between. On one side of the shell the lines make a broad, 
sweeping curve upward. There are also fine longitudinal lines at 
irregular distances and of irregular strength, on some parts being ob­
solete. 

The shell has been a very elegant one when perfect, and in its peen­
liar encircling stt·ire differs from any species known. The specimen, 
unfortunately, consists of the outer chamber and a single septum only, 
so that th€n;elative distance of the septa cannot be determined. The 
strire under a magnifier show co'nsiderable variation of form; in some 
parts being flattened. on the surface, in others slightly rounded, and 
again. grooved by deep lines, while the interspaces undergo similar 
changes; but these variations are too obscure to be apparent to the 
unaided eye. 

\ 
Formation and locality. In the Niagara group (Racine limestone), atSchoonmacher's 

quarry, uear Wauwatosa, Wisconsin. 
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0RTHOCER.A.S ANNULA.TUM. 

Plate XIX. Fig. 1. 

Orthoceras annulatum- Sow.; M. C. Tab. 133, - 1818. 
Ortlwceratites undulatus-Hisin(ler; Auteckn. V., Tab. IV, Fig. 6. Vet. Akad. 

· Handlingar, Tab. VII, Fig. 8. 
0. " · " Hisin.qer; Litbea Suecica, p. 28, Tab. X, Fig. 2, 1827. 
Orthoceras annulatum- Murchison's Sil. Syst. and Siluria. 
0. " undulatum (Sow.)- Hall; Pal. N. Y., Vol. II, p. 293, Pl. 64 and 65. 

0. 
0. 

" 
20th Rept. State Cab., p. 351, Pl. XX, Figs. 4-5. 

" (Sow.)-H. cf: W.; Pal. Ohio, Vol. II, p. 147, Pl. IX, Fig.1. 
" nodocostatum-McChesney; New. Pal. Foss., 1861, p. 94; Trans. Chicago 

Acad. Nat. Sci., p. 53, Pl. IX, Fig. 5. 
0. " Laphami- McChesney i N. Pal. Foss., p. 91. 

Shell attaining a considerable length, but is generally of rather 
slender proportions; owing to its very gradual increase in diameter, 
the expansion being scarcely more than three-eighths of an inch in a 
length of seven inches in the specimen figured, and is sometimes 
even less. Transverse section, when uncompressed, circular or nearly 
so; with a central siphuncle of moderate size. Surface of the shell 
strongly annulated by rounded or subangnlar, encircling rings, with 
somewhat wider concave interspaces. The distance of the annula­
tions vary somewhat with the increased size of the shell, but are usu­
ally from one-fourth of an inch to half an inch apart. The exterior 
of the shell is further ornamented by wavy or undulating, concentric, 
lamEilllose strim, parallel to the annulations, which usually present 
great uniformity in their distance from each other, and number about 
twenty-four or twenty-eight in the space of an inch, but are some­
times quite crowded and interrupted. There are also longitudinal 
ridges marking the surface, which cross the encircling rings, and 
often form nodes on their crests, varying in strength and distance, 
but are never very closely arranged. This feature is most distinct on 
the larger specimens, seldom showing on those of less than one and 
a quarter inches in diameter, but is frequently retained on the inter­
nal casts. Septa deeply concave, arranged at distances from each 
other corresponding t<? the annulations, the septa uniting with the 
outer shell at the bottom of the depression between the rings. 

The species is subject to extreme variation in the character of the 
surface markings, especially in the presence or absence, as well as in 
the strength of the longitudinal ridges, owing to which fact, it has 
been described under several different names; but an ex·amination and 
·study of a large number of specimens from different localities and in 
different conditions of preservation soon convinces the careful ob-
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server of the identity of the different ·varieties. Although there are 
closely allied species in the Trenton and other Lower Silurian forma­
tions, and similar forms at still higher horizons, it is readily distin­
guished from them by the nature of the ·annulations and the peculiar 
wavy or undulating lamellose surface strire, and has always proved an 
excellent guide in determining the age of strata. 

Formation and locality. The species occurs in the Niagara group at most of its 
localities, both ~n this country and in Europe; but in Wisconsin, has been observed mostly 
in the upper half of the formation,· occurring in the Waukesha, Racine and Guelph 
beds, but not in the Mayville, Byron or Coral beds, so far as yet observed. The locali­
ties where it occurs may be seen by reference to the lists of fossils under the different 
divisions of the group. . 

DiscosoRus CONOIDEus, Hall. 

Plate XX. Fig. 6 . 

. Discosortts conoideus-Hall; Foster & Whitney's Rept. Lake Superior, p. 222, Pl. 
XXXIV, Figs. 2-3. 

The nature of the peculiar fossil bodies to which the above name 
was originally applied E>eem never to have been entirely understood, 
and consequently they have been variously referred. A specimP.n.in 
the collection of the survey, from the Niagara .group at Ashford, 
Fond du Lac Co., Wis~, probably identical with the typical species, 
throws some additional light on· their nature. In it the discs are 
seen occupying the position of the ordinary siphuncle within the 
body of an Or·thoce'ras, with the true septa and outer shell surround:­
ing it. The discs corresponding in number and position to the septa, 
and the obliquity of the discs to the axis of the series is seen to 
correspond to the eccentricity of their position within the Orthoceras, 
as is often the case with the ordinary siphuncle. The outer shell of 
the individual tapers very rapidly, resembling in form a species of 
Gornphoceras, but is· too imperfect to permit a description. It is, 
however, interesting to know just what rela~iou the organism holds 
in nature, instead of relying on conjecture alone. 
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GENus CYRTOCER~S, Goldfuss. 

0YRTOCER.A.S INFUNDIBULUM, n. sp. 

Plate XX. Figs. 4 and .5. 

Shell small, very slightly curving, and very rapidly expanding from 
the apex to the aperture; the increase in diameter being half an inch 
in a length of orie· and one eighth inches. Transverse section very 
slightly transversely oval, the two diameters at the upper end being 
as eight to nine, and the inner side of the shell a little more flattened 
than the outer curve. The longitudinal curvature not perceptible on 
the inner face, but on the outer side it is quite apparent, although 
the swell of the arc is not more than one-twentieth of an inch· in a 
length of one inch. Septa not positively determined, but so far as 
can be seen 'have been nearly flat, and comparatively distant. · Siph~ 
uncle not seen. Surface of the shell marked by elevated, rounded, 
encircling bands or ridges, ~hich are distant about one-twelfth of an 
~nch on the lower end of the fragment figured, but increase in dis- . 
tance from below upward. The spaces between the bands are flattened, 
and have a faint line midway between the stronger bands, barely per­
ceptible to the naked eye. 
· The spec~es is peculiar for its rapidly expanding form, slight curva­
ture and banded surface. It is most ~early allied to Cy1·toom·as brevi­
carne Hall (20th Rept. State Cab. p. 356, Pl. XVII, figs. 8 and. 9), but 
differs in being less arcuate; more rapidly expanding, and in being 
widest from right to left instead of iri a dorso ventral direction. The 
·surface characters also differ; although in the description of that one 
these are not stated, the impression left in the rock to which the indi­
vidual is attached shows no surface markings, which would have been 
the case had ·such lines as exist on this one ever occupied the surface 
of that shell. · 

Formation and locality. In the Niagara group at Racme, Wisconsin. 

GENUS PHRAGMOCERAS, Broderip. 

PHR.A.GMOCER.A.S HoYI. 

Plate XIX. Figs. 4 and 5, and Plate XX, Fig. 3, Var. 

Phragmoceras Hoyi- Whiif: Ann. Rept. Geol. Surv. Wis. for 1877, p. 86. 

Shell of medium size or smaller, very rapidly expanding, strongly 
curved and broadly ovate in a transverse section, rounded on the back 
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and sharply snbangular on the inner side of the curve. Outer cham- · 
her most rapidly expanding on the inner side from the base to the ex­
tremity of the lip, so that the dorso-ventral diameter at the summit is 
nearly once and a half greater than at the base of the outer chamber; 
expansion of the aperture on the inner end small and transverse, that 
of the oppo.site end large and ovate; connecting slit short and narrow, 
the contraction. of the chamber approaching the slit being ~br~pt .. 
Septa concave, the chambers being about three times as deep on the 
outer curve as on the inner side. Siphuncle small, marginal o~ tl1e 
inner curved S'urface, and situated in the angularity of the transv~rse 
section. Surface marked by transverse strirn which are strongly arched 
upward on the sides of the she11 a little within a central line, and very 
broadly cnrved downward on the back. 

This shell resembles P. Nestor Hall, 20th Rept. State Cab., p. 348, 
Figs. 7 and 8, but difi'ers in the greater curvature, more rapid expan­
sion, greater lateral diameter, and in the form of the openings at the 
summit. 

Formation and local·ity. In the upper part of the Niagara group (Racine limestone), 
at Schoomnacher's quarry, near Wauwautosa, Wisconsin. A similar form, but with a 
more compressed ~ection and more protruding and laterally compressed lip on the inner 
side, occurs at Busock'.s quarry, which we propose to designate under the varietal name 
compressum (Pl. XX, Fig. 3) =P. Hoyi, var. compressum. 

PHRAGMOCERA.S RoYr, var. Col\:t:PRESSUM, new var. 
Pl~te XX. Fig. 23. 

· Formation and local·ity. In the Racine Limestone; Busack's quarry, Racine, 
Wisconsin. 

PHRAG:MOCERAS NESTOR. 

Plate XIX:. Fig. 3. 
Phragmoceras Nestor-Hall; 20th Rept. State Cab., p. 347, Figs. 7 and 8. 

Shell of moderate size, strongly curved, and rapidly expanding in 
the lower part, and less rapidly expanding along the outer chamber, 
which is wider than high when uncompressed, much· the shortest on 
the ventral side, and somewhat projecting toward the upper part, to 
form.the lip of the inner opening, which is rather small and rounded 
on the niargin. Dorsal·surface contracted below the larger opening~ 
and the sides of the shell along the median line, between the dorsal 
and ventral openings, abruptly infolded, leaving only a long narrow 
slit connecting them. Septa dista~t and rather deeply concave. 
Siphnncle and surface of the shell not·observed. · 

The example used in description and illustration is much com­
pressed laterally, so that the true proportions of the shell cannot be 
given by measurement. The type specimen, however, is broadly 
elliptical or slightly ovate in a dorso-ventral dire.ction, the. greatest 



302 P ALlEONTOLOGY. 

· transverse diameter being on tside the median line. The proportional 
height and width of the outer chamber differs somewhat in the two 
individuals, being somewhat shorter in this than in the type, and also 
more contracted below the dorsal opening, giving a slightly hunched 
form to the back of the shell. Both individuals are marked near the 
base of the outer chamber by a series of vertical ridges, or lines, which 
were probably scars for muscular attachment. 

Formation and locality. In the lower part of the Niagara group (Waukesha lime­
stone), at Waukesha and Wauwatosa, Wisconsin. 

PHRAGMOCER.A.S LABIATUM:. 

Plate XX. Figs. 1 and 2. 

Phra,qmoceras labiatum- Whitf.; Ann. Rept. Geol. Surv. Wis., for 1877, p. 86. 

Shell rather below the medium size, rapidly expanding from below 
upward, and but slightly curved in its form; very regularly oval in a 
transverse section, lateral diameter about three·fonrths as great as tfie 
dorso-ventral diameter. Outer chamber of the shell a little wider 
than high, closely compressed at the top, so as to entirely close the 
opening of the aperture along the center of the summit in some cases. 
Ventral opening forming a slightly expanded lip-like tube. Dorsal 
opening large and tubular, the tube being short and broad, and ap­
pearing as if it had been forcibly inserted into the body chamber so 
as to leave a sharp, distinctly impressed suture-line at the junction. 
The lower side of the tube forms a section of an oval figure, while the 
upper ha1f is deeply impre!?sed on .each side of the central slit or open­
ing, giving a de~ply trilobed form to this part of the tube. Septa 
moderately concave, arranged ·so that about six chambers occupy a 
space equal to the lateral diameter of the outer one counted. Siphuncle 
rather small and submarginal. Surface of the shell unknown. 

The form of the apertural tubes is a distinguishing feature. 

Formation and locality. In limestones of the Niagara group at Ashford, Fond du 
Lac county, Wisconsin. 
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GENus LITUITES, Conrad. 

LrTuiTES MULTICOSTATus, n. sp. 

Plate XX. Fig. 7. 

Shell rather below a mediu!n size, consisting of three and a half or 
four volutions, the outer of which slightly embrace the dorsal edge of 
the inner, are very gradually increasing in size throughout and proba~ly 
circular in a transverse section when not compressed, but in the speci­
men nsed and figured are of very much greater diameter in a dorso­
ventral direction than laterally, giving a rather acute dorsal keel;, 
most likely due to compression, the specimen being imbedded in the 
rock parallel to the stratification. Surface of the volutions marked 
by numerous, closely arranged and very regular, transverse costa, 
which are separated by concave spaces and are directed rather gently 
backward in crossing from the inner to the outer margin of the volu­
tion; but more strongly retral on the dorsum, where they make an 
acute angle· on the compressed keel. On the concave space between 
the costa there appear to have been very fine strire of growth, parallel 
to the ridges, but too fine to be distinguished without the aid of a lens. 
Septa gently concave, as shown on the sides of the specimen, and 
arranged at a trifle greater distance . from each other than the trans­
verse costa, which they cross in their course from the inner to the 
outer edge of the volution. Position of the siphunc1e not determined. 

The very gradual increase in size of the volutions gives to the sides 
of the shell a very wide, open umbilical surface. The species differs 
from any other described, so far as we are aware, in its gradual in­
crease in size coupled with the fine and closely arranged transverse 
costre; which count about seven, on the side of the shell, in a space 
equal to the dorso-ventral diameter of the volution at the same point. 

Formation and locality. The species is comparatively rare and occurs in the lower 
beds of the Niagara limestone, at the Railroad quarries above Waukesha, Wisconsin. 
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CRUST ~f\CEA. 

GENus· ILL.LENUS, Dalman. 

ILL..ENus Ioxus. 

Plate XXI. Figs. 11 and·t2. 

lllcen-us Ioxus-Hall; 20th Rept. State Cab., p. 378, Pl. XXII, Figs. 4-10. 
I. " Barriensis (]lurch.)- Hall; Pal. N.Y., Vol. II, p. 302, Pl. 66; and 20th 

Rept. State Cab., p. 332. 
lllrenus Barriensis of many authors, not of Murch. Silurian System. 

This most common and very characteristic species of the Niagara 
group of Wisconsin is seldom seen in the rocks of the state· except 
in dismembered fragments; but the heads and caudal plates are very 
common, and often occur of large size; one individual head among 
the survey collections having been, when entire, fully five inches in 
width. 
· ·The form is extremely robust and highly convex; the head, when 

the movable cheeks are in place, being nearly semicircular in speci­
mens of medium size, the width measuring about .twice the length, if 
viewed in a natural position, with the basal line horizontal. The oc­
cipital line, in a profile view, is almost at right angles with the basal 
line, or in some cases a little within a right angle. The upper out­
line of the profile, from the occipital line to the antero-basal line, 
when not distorted, forms nearly a true arc. Eyes b.rge, but not very. 
prominent, and surrounded by a slight depression limiting the palpe­
bral lobe, and also the bJtse of the eye; visual surface narrow in a 
vertical direction, but elongated in an anterior and posterior direction. 
Dorsal furrows slight. Movable cheeks of moderate size, subquad­
rangillar in outline, nearly two-thirds the length of the head, and 
rounded at the posterior angles. Facial sutures rounding ou~ward 
for nearly half the depth below the eye, as seen in front, and then di­
rected inward, reaching the margin on a line with the inner end of the 
eye; but in a profile view, are almost vertical to near th~ base, and are 
then directed forward to the lower margin of the head. 

Pygidinm transversely subelliptical, the outer margin approaching 
a semicircle in outline, and the anterior border irregularly arched, but 
having the curvature of a much larger circle. Surface strongly con­
vex, but less elevated than that of the head of a corresponding size; 
outer margin thickened on the under side, the selvage being propor­
tionally wide. 

The species differs from those associated with it in the same beds; 
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in the short l1road form of the head and its large eyes. The head 
differs from that of 1. armatus ·Hall, 20th Rept. State Cab., p. 330, 
Pl. XXII, figs. 1 and 2, in wanting the spines at the extremities of 
the movable cheeks. The pygidium resembles that referred to I. ar-· 
matus Hail., loc. cit., fig. 3, but is inore arched oi1 the anterior border 
and less regnlarly semicircular. 

It is noticeable in examining a large collection of specimens, that 
they differ greatly in the proportional length and re1at1ve convexity;· 
especially·is this the case among the cephalic shields; those of large· 
size being usually much shorter in comparison with their width than 
the smaller individuals. Still many. of the smaller specimens are. 
quite short, which would appear. to indicate that there is no law gov­
erning these 1·e1ations, so f~r as can be ascertained from the· examina-· 
tion of a motferate J.lUmber. But probably, should the study be con-· 
dncted thr~mgh ample collections, the result might be quite different. 

Formation and locality. . In the Niagara group, in most parts of the country where 
fossils are abundant. It occurs within the state in the Mayvme beds, doubtfully identi­
fied, at Blodgett's quarry in the town.of Hartford; i,n the Waukesha· beds at Pewau­
kee and Genesee; in the Racine beds at Racine, Greenfield, Waukesha, Grafton, and at. 
Sturgeon Bay;, and in the Guelph beds at Ce:darville, Wisconsin. · 

lLL..:ENUS INSIGNIS. 

Plate XXI. Figs. 6--10. 

Illrenus insignis- Hall; 20th Rept. State. Cal., p. S31, Figs. 5 and 6, Pl. xxrr, 
·Figs. 13 and 14. 

The following is Mr. Hall's description of this species: 
''Head large; glabella prominent and somewhat regularly arcuate· 

from front to base; anterior border with the margin a little recurved. 
Dorsal furrows distinctly marked from the base of the head for three­
fourths the distance to the anterior margin, where they terminate in­
a distinct ronnded pit; palpebral lobe large, elongate, the eye being 
situated at some little distance from the posterior margin of the head. 
Facial suture running out on the anterior border within the line of 
the eye." 

"The full extent of the cheek is not known." 
"The form of the glabella and the convexity of a single articulation · 

of the thorax indicate the general form to have been very convex." 
"The pygidinm is parabolic, very convex; about as long as or a little 

longer than wide. .Anterior margin nearly straight along the middle 
VoL. IV.-20 
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for about half the width, for the attachment of.the axis of the thorax, 
~nd abruptly receding towards the sides." 
: The specimen figured, and another in the-collection which preserves 
the crust, correspond very closely with the above description; differ­
ing principally .in not having the dorsal furrows extended-quite so far 
forward as the one on which the above description was based, nor do 
they terminate in the rounded pit as there stated, but in a broader 
depression situated nearly on a line with the front of the eye. The 
eyes are placed quite far back on the head as compared with some of 
the other species -of this group, and are also situated far out on the 
sides of the head. The species, in the form of the head, differs from 
I. .Madisonianus herein described, in being more regularly and grad­
ually sloping from the anterior margin to within a very short distance 
of the occipital line. The thorax appears to differ from that one in 
being much less convex, as is shown on a small specimen preserving 
parts of five consecutive segments. 

· Formation and locality. In the Racine limestone~ of the Niagara group, at Burling­
ton; Racine; Waukesha; at Moody's quarry near Milwaukee, and at Schoomacher's 
quarry near Wawatosa, Wisconsin. · 

!LLJENUS IMPERATOR. 

Plate XXT. Figs. 4 and 5. 

Illcenus imperator-Hall; Rept. Prog~ Geol. Surv. Wis., 1861, p. 49. 
I. " " Geol. Rept. Wis., Vol. I, p. -. 
I. " · · · " 20th Rept. State Ca~. _N. Y., p. 332, Pl. XXII, Figs. 

15-17, and Pl. XXIII, Fig. 2. 

Entire body attaining a .large size, but is seldom found with the 
several parts united, being generally represented only by the detached 
glabellas and caudal shields. 

Glabella and fixed cheeks united, transversely elliptical in form, 
nearly twice as wide as long, broadly rounded on the front margin 
and less rounded and lobed along the occipital line, with the general 
surface strongly convex; dorsal furrows proportionally wide and dis­
tinct, extending less than one-half the length of the head, and directed 
inward in their course from the occip~tal b~rder forward, and slightly 
curved; axial lobe about as wide, or a little wider than the fixed 
cheeks, and depressed-convex on the surface. Eye-lobes prominent 
and· very. narrow from front to rear, but considerably longer in a 
lateral ·direction; indicating a semi-pedunculated eye,' situated almost 
on the occipital line. Facial sutures cutting the anterior border in 
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B~·ch a m~nner as to lea·ve no perceptible angfe at the junction, and 
passing backward, from a point on· a line· with the outer limit of· the 
EJe, to -the jnnction ·with the lobe at its inner angle, forming an 
irregular sinus, the depth of which is eq~al to the length of the eye 
lobe; the fixed cheek being prominent and convex neat; the eye.and 
along the occipitai line. Glabelhi. ,arid occipital furrows obsolete. 

·Thor~cic segments as shown. by Prof. Hall, broad· and flattened, 
slightly cni·ving backward beyond the origin of' their free extremities. 
· Pygidium mirrowly elliptical in the sma11er specimens, and some­
wha·t longer in proportion·in 'older-examples, with the-snrface strongly 
convex. In the smaller e·xamples the width is nearly twice the length, 
but in larger individuals· is not more than once·and a half as wide as 
long. Axial lobe less than <:me--third the ·imtire·width, and extending 
less than half the length of the plate; .rather _prominently rounded 
on the front margin, but becoming gradually lost· in· the general con­
vexity posteriorly. Lateral lobes less· prominent, straight on the 
anterior margin for two-thirds their width, and then obliquely trun· 
cate to the· lateral angles. 

The species varies considerably in the form of the several parts ·in . 
specimens of different sizes, as has been described; so much so, in 
~act, that a single description will not give the characters of but a 
few individuals. It often attains to very considerable dimensions; 

. one ca'ndal plate in the collection ,measuring five and a half inches in 
width by a length of three and a half, while the convexity of the 
specimen is not ··more than one-third as great, proportionally, as in 
the small specimen figured. This same remark holds good, as a 
general thing, with the cephalic plates as well. Although many in .. 
dividual specimens of glabellas are present 'in the collection, no n1ov" 
able cheeks ha;ve been observed. They are probably quite insignificant 
in size, but collectors would do well to search· for them, as they may 
present important specific features. 

Formation and locality. In the Racine beds of the Niagara group. Prof. Hall 
mentions it from Racine, but all the· specimens ih the state collections at present are 
from Burlington, Wisconsin. 

lLLENus MAnrsoKIANus, n. sp. 

Plate XX. Figs. 8 and 9. 

Body of moderate size, elongate-oval in general form, and very 
highly convex, with the trilobation very indistinct; length· a. little 
less than twice the greatest width, and the beight nearly or quite half 
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equaling the width. Anterior and posterior extremities nearly equally 
rounded, and the lateral margins but slightly rounded, or almost 
straight along the thorax. Thorax shorter than the cephalic shield, 
and the pygidium equaling the length of the head and half of the 
thorax combined. 

Cephalic shield short, paraboloid in form, and highly convex, the 
anterior portion full, and projecting beyond the anterior margin; also 
very full and prominent along the central line and between the eyes. 
Occipital line strongly arching forward from the rounded genal an­
gles. Eyes full, prominent and protruding, widely separated, and sit­
uated so as to bring their anterior margins nearly on a line with the 
middle of the length of the head. Dorsal furrows distinctly marked 
from the'occipital line to the front of the eyes, directed inward ante­
riorly to the eyes, and bending downward :in front, limiting the eye 
lobes. The facial sutures are quite indistinct, but appear to reach the 
anterior margin far out on the sides of the head, or nearly on the outer 
line of the eyes; and behind, to follow nearly in a line with the dorsal 
furrows. 

Thorax very short, composed of ten ve1~y short equal segments, 
which are flat or but very slightly convex on their surfaces, and have a 
very decided forward curvature from their extremities to the center, 
but more strongly so just within the dorsal furrows; lobation of the 
thorax not very marked, the axial lobe occupying about two-thirds of 
the width, as measured with the curvature of the body. Free pleura 
short, rounding forward at their extremities. 
. Pygidium paraboloid in outline, and the anterior margin strongly 
arching forward in the middle; the surface highly convex, and much 
more abrupt on the sides tha·n across the middle; the margin is again 
more spreading, forming a broad, shallow furrow around the sides and 
behind, just within. the edge. Bordering the articnhlting slope or 
facett of the pygidium, there is an elevated ridge extending from the 
margin to the dorsal furrow of the thoracic segments. 

The species differs from .any of those heretofore described, in its 
long· oval form and highly convex surface, as also in the paraboloid 
on:tline of the extremities. It is most nearly allied, in the features of 
the head, to I. mtniculus Hall, 20th Rept. State Cab. Pl. XXII, Fig. 
12; but differs in the greater proportional length; greater convexity; 
fuller and more prominent front; in having the occipital margin con­
cave instead of convex, and in the position of the eyes, which are more 
distant, and placed further from the posterior margin. The ·pygidium 
resemhles most closely that referred to I. insignis Hall, 20th Rept. 
State Cab., Pl. XXII, Fig. 14. It differs, however, in the greater 
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eonvexity; in the spreading or recurved margin; in being less diverg­
ing along the lateral bordet·s toward the antero-lateral extremities, and 
in its greater proportional length. The species gt·eatly resembles I. 
orbicarttdatus BilL (Cat. Anticosti foss., Pl. XXVII, Fig. 10), from the 
Huds~:m rive1· group, at English Head, Anticosti. 

FormatiOJ~ a·nd locality. In the Niagara group of Wisconsin; the particular locn.lity 
not given. The specimen: figured is the property of the State Historical Society at Mad­
ison, Wisconsin. 

lLLAi:NUS PTEROCEPHALUS 

Plate. XX.. Figs. 10-12. 

nlamus pterocephalus- Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 87. 

Cephalic shield short, broad and of unusual depth, when viewed in 
its natural position, with the occipital border forming a vertical line; 
the distance from the under surface of the head to the highest part of 
the glabella being nearly or quite twice that from the occipital line to 
the· anterior margin. The extreme width of the head, including the 

.'movable cheeks is equal to three and a half times the length. Mov­
able cheeks small, forming thin, wing-like exp.ansions at the sides of 
the head, and on a line with the ~ccipital border, but so contracted 
·anteriorly as to be scareely more than half as long as the glabella; 
anterior margin and surface of the head round and highly convex 
in the ·middle, r~pidly contracting in front of the eyes, and expanding. 
·laterally along the occipital border. Glabella and _fixed cheeks united, 
but without the movable cheeks, elliptical or oval in form, very con­
:vex on the sudace, and nearly half as wide again as long, broadly 
rounded in front and strongly lobed in the posterior part of the dor­
·sal furrows, which are short and directed inward, but are not visible 
on the cast beyond the posterior third of the head, as measured along 
the curve of the glabella. Eyes prominent. and obtusely pointed, as 
shown in the cast, and situated very near the posterior m.argin of the 

·head. Facial suture cutting the anterior margin considerably withi~t 
the line of the eyes and passing to the eye wi.th a regular outward 

·curvature; behind the eye, it passes almost dire'ctly to the posteriot· 
margin. Throax and pygidium unknown. 

The species is peculiar for the short but laterally expanded movable 
·cheeks, which appear only as thin,.short appendages to the ·posterior 
lw.lf of the fixed cheeks,. giving a peculiat· winged expression to the 

·head, ·which· will readily distinguish· it from any previously known 
species when these parts are present; but when absent, the central 
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portions of the.head have much the appearance of a small sp~cimen of 
I. intperator Hall; bnt differs in having the dorsal furrows strongly 
directed inwards instead of the reverse as in that form, and also in 
being very much more rotund. 

Formation and locality. In the Niagara limestone, at Pewaukee, Wisconsin. 

GENus BRONTEUS, Goldfuss. 

BRONTEUS LAPHAM!. 

Plate XXII. Figs. 1-4. 

Bronte us Laphami- Whitf. ,· Ann. Rept. Geol. Surv. Wis. for 1877, p. 88. 

Entire form unknown, the specimens from which the following 
description is taken consisting of fragments of the glabella and sev­
eral imperfect pygidire. 

Glabella short and broad, very depressed convex, the division of 
parts somewhat obscure.· Anterior lobe very broad in front, and rap­
idly decreasing in width from its junction with the marginal rim to 
behind the middle of its length~ where it is not more than two-thirds 
as wide as in front; dorsal furrow obscure; posterior glabellar furrow 
well marked; occipital furrow distinct and the occipital ring rather 
large. Fixed cheeks narrow, rather strongly lobed; anterior marginal 
rim of the head narrow and rounded, indistinctly separated fr.om the 
anterior lobe of the glabella in the middle, but not definitely so at the 
sides, its surface rather strongly striated. 

Pygidinm paraboloid in form, and depressed convex with an entire 
external margin; anterior border of the shield gently rounded and 
1noderately convex on the surface; lobation distinct. Axial lobe 
short, round-obconical in form, more strongly convex than the lat­
eral lobes and marked by a single narrow articulating ring on the 
anterior end; lateral lobes gently convex on the inner part, more ab­
l'uptly declining at about the out~r third of their width, and slightly 
recurvinO' &O'ain near the border·, articulations very distinct and di-

;:, 0 

rccted E:trongly backward in their course·to the margin, rounded on 
the surface and separated by short, deep depressions to near the bor­
der of the shield, just within which they become obsolete. The cen-

. ti.·al rib~· or that extending from the termination of the axial lobe, rap­
idly narrows for one-third of the length from the anterior margin of 
the shield, then widens more abruptly to the posterior margin, where 
there are very slight indentations in the external border correspond-
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ing .to. t~e depression at its sides. Near the middle of the length of 
this central articulation, or rib, .there rises a central depression, or fur­
.row, dividing it from this point posteriorly ip.to two divisions, .pre­
senting the appearance of a bifurcation. 

Surface of the crust of the pygidium marked on the lower part of 
the lateral expansion, by strong squamose concentric lines. Other 
portions of the plate smooth. 

This is a beautiful species, and remarkable for its large size; one 
of the pygidire measuring about four inches in length by more than 
three and a half inches in width. It is r·eadily distinguished from 
B. acamas I-Iall (B. occasus Winchell & Marcy), by the backward 
curving articulations of the lateral lobes of the pygidium, and by the 
bifurcation of the axial member of the same. 

Formation and locaHty. In. the Niagara group (Racine limestone), at Kewaunee, 
Wisconsin. Named in honor of the late Dr. I. A. Lapham. 

GENus SPHLEREXOCHUS, Beyrich. 

·sPn.lERExocnus RoMING ERI. 

Plate XXI. Figs. 1-3. 

SphaJrexochus Romingeri- Hall; Geol. R~pt. Wis. 1862, p. 434. 20th Rept. State 

s. " 
Cab., p. 374, Pl. 22, figs. 4-7. 

mi1·us- Hall,· (Not o£ Beyrich). 20th Rept. State Cab., p. 334, 
and Geol. Rept. Wis., p. 434. 

S. " " 0£ many authors, but not of Beyrich. 

Glabella smooth-spheroidal in general form, composing almost the 
entire bulk of the head .and extending far in advance of the anterior 
border. Its posterior part is marked by a single pair of. furrows, 
which are narrow and deep, and entirely surround and isolate th~ pos­
terior glabella lobes, as large, round tubercles which are .placed low 
down on the sides of the head, and extend from the occipital furrow 
to the middle of the length of the glabella; the distance between them, 
across the posterior part 0f the glabella, being equal to nearly twice 
their diameter. Occipital ring short, but highly elevated; the fur­
row is deep and well marked. Dorsal furrows deeply marked, dis­
tinctly limiting the glabella. Fixed cheeks minute, scarcely extend­
ing beyond the limits of the dorsal furrows, and ·the p.osterior lateral 
limbs short and subtriangular in form; the continuation of the occi­
pital furrow occupying most of their area. Frontal limb short, en­
tirely embraced within the dorsal furrow in its anterior extension, one 
half of the bulk of the glabella projecting beyond its front margin 
when the head is held with the occipital line in a vertical position, 
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and the anterior portion of the fixed cheeks is curved abruptly down~ 
.ward in front of the ocular sinus, bringing the lower front margin of 
the glabella on a horiz~mtal line with .the outer ends of the postero­
lateral limbs. When the head is viewed from above, the axial lobe of 
the occipital region is a trifle more than half as wide as the anterior 
portion _of the glabella, and is very highly arched; while the lateral 
limbs of the fixed cheeks are very narrow, and bend abruptly down­
ward a little outside of the dorsal furrows. The ocnlar sinus is small 
but deep, and situated behind the center of the glabellar lobe. Judg­
ing from the size and form of the sinus, the eye has been small and 
inconspicuous. 

}/lovable cheeks and thorax unknown. The pygidi n m, as figured 
by Prof. IIall (20th Rept. State Cab., _Pl. XXI, Fig. 7), is transversely 
elliptical in for1ii, the axial lobe is large and strongly convex, extend­
ing the entire length of the p1ate, and marked by three strong rings, 
exclusive of the terminal one. The lateral lobes are a little more 
than half as wide as the axis~ and each deeply divided into three un­
equal po,ints, the anterior one of which is the largest, and the others 
decreasing in size posteriorly. 

This species has generally been referred to and considered as iden­
tical with S. mints Beyrich, of· Europe, and some of the specimens 

.. which I have seen among European collections are certainly very like 
it, while from others it differs very materially. When compared with 
.such forms as those figured by Prof. J. Barrande, in his Syst. Sil. 
Bc,beme, Vol. I, Pl. XLII, Figs. 16 and 1'7, and Sup. to Vol. I, Pl. 
_VII, Figs. 3 and 4, it differs in the much greater sphericity of the 
glabella, and in its greater anterior extension. In all the figures re­
ferred to, the line or the dorsal furrow in front of the occipital ring, 
is represented as running nearly or quite horizontal, and on a line 
with the dorsal furrow of the thorax, to the anterior border; while in 
these we~tern forms it begins to curve downward immediately in front 
of the occipital ring, and is more abruptly bent in front of the pos­
terior glabellar lobe, and to the anterior margin of the head; thus 
leaving nearly one-half the length of the glabella in front of the ante­
rior rim of the head, and more than one-third of the depth of the 
spherical portion below the line of the .dorsal· furrow at the neck, 
when the specimen is placed with the occipital line in a vertical posi­
tion; instead of having all the bulk of the glabella above that line, as 
in the figures referred to. The pygidium also differs from the Euro­
pean specimens in having a very much wider axial lobe, and in being 
more deeply dh:ided on the lateral margins. 

F.ormation and locality. In the upper part of the Niagara group (Racine limestoneh 
at Racine, Waukesha and elsewhere in Wisconsin. 
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SPECIES FROM THE GUELPH LIMESTONE. 

RADIATA. 

GENus FA VOSITES, Lam ark. 

FA VOSITES OCCIDENB. 

Plate XXIII. Figs. 6 and 7. 

Favosites occidens-Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 78. 

Oorallum growing in hemispherical or irregula~ formed masses ?f 
medium size, which are composed of two kinds of radiating cell tubes, 
the one larger than the other; the larger cells being scattered through 

1 

the corallum at somewhat irregular intervals, with from one to three 
of the smaller cells between. Large cells more or less circular in 
form and usually measuring from a sixteenth to a tenth of an inch iri 
diameter. Smaller cells, variable in form and size, generally adjoin­
ing the larger circular cells, and ranging from minute to more than 
two-thirds the size of the larger ones. Transverse diaphragms com­
plete, closely arranged, or distant more than the diameter of the tube, 
in the same individual. Mural pores apparently arranged in single 
rows. These have not been very distinctly observed, owing to a 
deposit of min.ute crystals of dolomite on the walls of the cells. 

This feature, the pre~ence of two distinct kinds of cells, is one per­
taining more particularly to corals of the Devonian period than to 
those of the roc~s of the lower formations, at least in this country; 
but it is occasionally seen in species from the Niagara group. The 
larger kind of cell appears to be that which gives origin to new indi~ 
vidual polyps, as is readily determined by the examination of sections 
of the coral; they also extend further toward the initial point of the 
corallnm than do the intermediate ones, and would be properly con­
sidered as parent or prolific cells. As the corallurn increases in size, 
others take upon themselves this form of parent-cell whenever the 
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intermediate ones become too numerous, thus keeping the number of 
intermediate cells relatively the same in masses of any size. 

F01·mation and locality. In the upper part of the Niagara group (Guelph horizon),· 
near Ozaukee and elsewhere in Wisconsin. It is not exclusively confined, however, to· 
this horizon, but occurs sparingly as small individual masses in the upper part of the 
true Niagara formation, at several localities in the state. 

GENUS AMPLEXUS, Sowerby. 

AMPLEXUS ANNULATUS. 

Plate XXIII. Figs. 8-11. 

Amplexus annulatus- Whitj.; .Ann. Rept. Geol. Surv. Wis. for 1877, p. 80. 

Corallum simple,.elongate turbinate in form, more or less curving 
throughout, from one and a half to three inches in length, by about 
five-eighths of an inch in diameter, seld<?m attaining to more than 
three-fourths of an inch; somewhat rapidly expanding for the first 
inch from the base, above which it is subcylindrical in form, with the 
exterior surface distinctly and strongly annulated by varices of growth, 
giving to the body much the appearance of a species of Oornulites. 

, Longitudinal rays numerous and moderately well developed near the 
margin, but only -extending a short distance from the outer walls; 
transverse partitions or tabnlre distinct and strong, more or less curved 
and tortuous, extending to within a short distance of the walls of the 
body, and arranged at varying distances, often to the extent of half 
the diameter of the coral. External calyx comparatively deep. 

The strongly annulated exterior surface of the coral is quite a dis­
tinguishing feature. 

Formati9n and localit~'· In the Guelph limestone, at Sheboygan and Carlton, Wis­
consin. 

BRACHIOPODA. 

GENus PENTAMERUS, Sowerby. 

PENTAMERUS OCCIDENTALIS. 

Plate XVII, Fig. 10, and Plate XXIII, Figs. 1 and 2. 

J?ent~merus occidentalis-Hall; Pal. N.Y., Vol. II, p. 34:1; :Pl. LXXIX, Figs.1 and 2. 

Shell rather above the medium size, ovate in outline and extremely 
ventricose, generally. much longer than wide,. but very va1'iable in 
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form. ·Ventral valve strongly arcuate, more abruptly curving·in the 
upper half; beak strong, el~ngated, obtusely rounded and incurved. 
Dorsal valve less ventricose than the opposite, almost regularly arcu­
ate, and 'vith the umbo not very prominent, the middle of the valve 
marked by a slight mesial depression on some of the specimens; car­
dinal slopes of both valves generally rounded, but often :flattened or 
slightly concave. Surface of the shell marked by coarse, irregular, 
bifurcating or fasciculate radii, generally somewhat stronger along the · 
middle of the valves than on the sides. 

The specimens obtained within the limits of the state are in the 
condition of internal casts; and in this condition show the internal 
processes to have been extremely variable in strength and extent. 
The triangular foramen in the ventral valve has been broadly trian-
gular and of large size. . 

~fany'of "the individuals obtained have so exactly the form arrd ex­
pression of those from Galt, Canada, and show the same peculiar vari­
ation in form and degree of gibbosity, that there cannot be the least 
question as to their positive identity. 

Formation and locality. In the upper part of the.Niagara group:{Guelph horizon), at 
Williamstown, Wisconsin. · 

GENus STRIOKLANDINIA, Billings. 

8TRIOKLANDINIA MULTILIRATA. 

Plate XXIII. Figs. 3--5·. 

Striclclandinia multilirata-Whiif.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 81. 

Shell of medium size but very diverse in form, varying from longer 
than wide to nearly one-tbi~d wider than long, and from depressed 
biconvex with nearly equal valves to extremely gibbous with the ven­
tral valve very much the deepest; as seen in profile. Hinge-line 
straight, usually longer than the width of the shell, and often with 
mucronate extremities, but frequently much shorter than the width 
of the shell below; front of the valves slightly protruding beyond 
the general contour, or subtruncate. Area of the ventral valve dis­
tinct but not wide. Dorsal valve with an inconspicuous or depressed 
umbo; and a moderately wide, poorly defined, and slightly elevated 
mesial fold. Ventral valve more convex, with a deeper, inore con. 
spicuous, and often subangnlar mesial depression, but ·a no't at all 
promipent beak. Surface of the shell marked-by numerous·distinct; 
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but not strongly marked, bifurcating, radiating plications, both on the 
sides of the shell and on the mesial fold and sinus; the number not 
constant, but usually from four to six in the space of one-fourth of an 
inch on the margin of the shell. Spoon-shaped proces.s in the inte­
rior of the ventral valve, as shown by the cavity left in the casts by 
the removal of the substance of the shell, distinct but not large. 

The species is a well marked form of Stricklandin·ia, showing the 
generic characters strongly developed. It differs from any others de­
scribed, in the great extent of. the hinge-line, and from most in the 
finer bifurcating strire of the surface. It is remarkably variable in 
form in different individuals, some of them presenting. much the form 
of a Prod·uctus in the great convexity and sometimes geniculation of 
the ventral valve. · 

Formation and locality. In the Guelph limestone, at Sheboyga~, Wil)consin. 

GASTEROPODA. 

GENus HOLO PEA, Hall. 

HoLOPEA MAGNIVENTRA. 

Plate XXIV. Figs. 2 and 3. 

Holopea magniventra- Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 83. 

Shell of large size, ventricose and robust in habit; spire ]ow or de­
pressed-convex; volutions about three; very rapidly increasing in size, 
and strongly rounded on the periphery; suture distinct, but not deep; 
aperture subcircular or very broadly ovate, and pointed above,' where 
H is slightly modified on the inner· side by the preceding volntion; 
umbilicus probably closed and apparently covered by a ca11ns on the 
overspreading collumellar lip, as indicated by the form of the cast. 
Surface of the shell, as far as can be determined by the specimens, 
marked only by transverse lines of growth. 

The generic relations of this shell, like most of those of this form, 
especially when known only by the internal casts, are not very readily 
determined; the species, therefore,. can only be referred to a genus 
provisionally, until some more fortunate individual shall chance to 
discover specimens which will more fully illustrate them. The above 
species resembles in form and general features that described and fig­
ured by Prof. J. Hall, as ~E'uomphalus rotundat~ts, from the lime­
stones of the upper Helderberg group of New York, but ~hich is 
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certainly not an EuomphaluB, and is equally removed from the genus 
Pleurotomaria, as it does not possess the spiral band or slit on the 
middle of the volution which characterizes that genus. 

Formation and locality. In the Guelph limestone, at Carlton, Wisconsin. 

GENUR LOXONEMA, Phillips. 

LoxoNEM.A M.AGN~. 

.... 1. 
Plate XXIV. . Fig: 1 . 

Loxonema ma,qna-:- Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 83 (By typo-
graphical error Toxonema). · 

Shell very large and robust, spire highly elevated and rapidly ascend..: 
ing, the rate of increase being very gradual. Volntions in the lower 
p~ut proportionally long, entire number unknown, very depressed con-

. vex on the external surface; columella prolonged below, giving .an 
elongate-pyriform ·aperture; suture between the volutions, as seen on 
the internal casts, moderately wide, indicating a shell of considerable 
thickness. Surface features unknown. 

The specimens from which the description is taken are internal 
casts, the larger one being about one inch and three-fourths in diame­
ter across the body volution, and the rate of increase as shown would 
indicate au entire length of fully eight inches when perfect. The 
species is more nearly related to L. rob'ltsta !Iall, from the Schoharie 
girt of New York~ than to any of those described from the Guelph 
limestone, but has been of much greater size. . 

Formation and locality. In the Guelph limestone in section 28, Carlton township, 
Wisconsin. 

GENus MURCHISONIA, D' Arch. et Vernenil. 

J'Y! URCHISONIA 0HAMBERLINI. 

Plate XXIV. Fig. 4. 

Murchisonia Chamberlini- lJ' hitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 84. 

Shell very large and robust, and of a general oval form; the ex­
ample from which the description is taken being a cast ruade in the 
natural mould left in the rock by the removal uf the shell by natural 
·solution, measures about four inches in length by about two inches in 
its greatest diameter. Spire moderately elevated, the apical angle 
·beh1g about forty or forty-five degrees. Volutions about six, strong 
and highly convex, marked on the periphery by a strong, distinct, and . 
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moderately elevated, revolving band, which produces a slight angular­
ity on the middle of the upper volution&. Aperture large, broadly 
ovate, prolonged below, and the lip distinctly rimate in the lower pa~t. 
Columella strong, slightly GUrved below, and spreading upon the body 
volution in the upper part; but becom~ng free in the lower portion, 
leaving a distinct umbilical opening behind it, which continued to 
nearly the entire length of the spire. In the cavity left in the rock by 
the decomposition and removal of the shell, this was represented by a 

· strong spiral core of stone, three-eighths of an inch thick in the lower 
part, which remained supported· in the center of the cavity by its 
attachment at the base through the umbilical.opening. Minute sur­
face markings of the shell not preserved, but remains of lines of growth 
can be faintly traced. 

This is one of the largest and most magnificent species of .the genus 
yet discovered. . It is of a type more characteristic of the Devonian 
rocks of Germany, than of those of Silurian age, and its occurrence in 
rocks of this period is somewhat remarka~le. 

Formation and locality. In the Guelph limestone, near Carlton, Wisconsin. 

CEPHALOPODA. 

- GENUS ORTHOCERAS, Breynine. 

0RTHOCERAS CARLTONENSE. 

Plate XXIV. Fig. 5. 

Orthoceras Carltonense- Whitf.; Ann. Rept. Geol. Surv. Wis. for 1877, p. 85. 

_.,Shell of moderate or large size, and very gradually tapering, the 
rate of increase being about one-fourth of an inch in a length of two 
inches. Section circular; septa of moderate depth and closel; ar­
ranged, about eight chambers occupying a space equal to the diameter 
of the shell at the top of the upper one of those counted. Siphuncle 
unknown. Surface marked by longitudinal flutings, numbering about 
twenty-four in the circumference of the shell. 

The species is of the type of 0. Oolumnare Hall, from the Niagara 
group; but differs from that, or any of those described of that form, 
in the more closely arranged septa, there being nearly twice as many 
in a given length, as in that species. It also differs from most of the 
fluted species in having a circular section instead of an oval form. 

Formt:(."tion and locality. In the Guelph limestone, at Carlton, Kewaunee county, and 
at Ozaukee, Wisconsin. 
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GENus OYRTOOERAS, Goldfuss. 

0YRTOCERAS RECTUM. 

Plate XXIV. Figs. 6 and 8. 

Cyrtoceras rectum- Whiif.; Ann. Rept. Geol. Surv. ·Wis. for 1877, p. ·85. 

Shell of moderate size, nearly stratght in form and ovate in trans­
v·erse section, the lateral diameter being about three-fourths as great · 
as the dorso-v.entra1, and the greatest width being on the inner side 
of a central line; curvature of the tube on the inner face scarcely per­
ceptible, and the rate of increase in diameter, in the dorso-ventral 
direction, about an eighth of an inch in a length of two inches. Septa 
flat in a lateral direction, but strongly arching along their dorso-ven­
tral axis, so arranged that about nine chambers occupy a space equal 
to the dorso-ventral diameter of the outer one counted. Outer cham­
ber not constricte_d at the apertui·e, so fa.r as observed. Siphuncle pro­
portionally large and expanded within the chambers, situated at about 
its own diameter from the inner or shorter curved surfac~ of the shell. 
Surface featur·es not observed. 

The straight form, and septa fla:ttened iJ;t·the. direction of their lat­
eral axis, are features which will readiiy distinguish this one from any 
other known species. 

Formation and localitv. In the Guelph limestone, at Carlton, Kewaunee county, Wis· 
consin, 
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SPE.CIES FROM· ROCKS REFERRED. TO THE LOWER 
HELDERBERG GROUP. 

BRACHIOPODA. 

GENUS ORTHIS, Dalman. 

0RTHIS SUBCARINATA. 

Plate XXV. Figs. 3 and 4. 

Orthis subcarinata- Hall,· lOth Rept. State Cab., p. 18. 
" " Pal. N.Y., Vol. III, p. 196, Pl. XII, Figs. 7-21. 

The specimens representing this species consist of a single impres­
sion of the exterior of the dorsal valve, and one cast of the interior of 
the same, together with other casts of the interior of the ventral; they 
have the form of this species, and also much the form of 0. el~­
gantula Dalman. From the last, however, they differ somewhat in 
the greater rotundity of the dorsal valve, and more decidedly rounded 
cardinal extremities .. The ventral valve is much more ventricose than 
that of the one referred to 0. oblata associated with it, and may be 
readily distinguished by this feature, as well as by the subcarinate 
prominence of the median line of the valve. The specimens are all 
small, and do not exceed the usual size of 0. elegantula, none of them 
being more than three-eighths of an inch in their greatest diameter. 

Formation and locality. In beds referred to the Lower Helderberg group, at the 
river bottom, at Waubakee, Wisconsin. 

0RTHIS OBLATA, Hall W 

Plate XXV. Figs. 1 and 2. 

Orthis oblata-Hall_,· Pal. N. Y., Vol. III, p. 162, Pl. X, Figs. 1-22. 

The specimens which I have referred with doubt to this species, 
consist of impressions left in the rock, by the removal of the substance 
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of the fossil, and are· therefore more or less uns~tisfactory in charac­
ter. The features as described and figured are obtained from impres­
sions in gutta-percha, taken from these natural moulds, and serve to 
give a much better idea of the shell than the impressi~n in the rock 
only. The .shell is shown to be more or less discoid, the dorsal valve 
being· more convex than the ventral, while the latter is marked by a 
broad, almost obsolete depression along the middle. The form is 
transverse, a little wider than long; hinge-line short and the beaks 
somewhat pointed and slightly incurved; cardinal slopes proportion~ 
ally long and inclined, bringing the point of greatest width as low or 
lower than the middle of the valve; front margin straightened or im­
perceptibly emargin'ate. 

Surface of the shell coarsel.Y. striate, and marked also by distinct 
concentric lines, marking stages of growth, toward the front margin. 

The shell very closely resembles specimens of Orthis hybrida Dal­
man, and as far as the examples themselves afford means of determina­
tion, there is no evidence to show that they are different. They also 
equally resemble a form which occurs very abundantly in the Lower 
Helderberg group of New York, associated with 0. oblata IIall, and 
which has generally been considered as the young of that species. 
They are, however, not young shells, but adult, as can readily be seen 
by their thickened and rotund form, and the possession of a full series 
of old-age characters. The Wisconsin specimens, as well as the simi­
lar ones from New York, are so exactly like 0. hybrida that it seems 
like doing violence to nature to place them under any other name. 
Still, as they are usually more rotund and ventricose than many of 
the Scandinavian specimens, and more especially as those have re­
ceived several varietal names, it may become necessary to do so, in 
order to distinguish them. 

Fot·mation and locality. In beds referred to the Lower Helderberg, at Waubakee, 
Wisconsin. 

GENUS MERISTELLA, Hall. 

MERISTELL.A NUCLEOL.ATA. 

Plate XXV. Fig. 5. 

Atrypa nucleolata-Hall; Pal. N.Y., Vol. II, p. 328, Pl. LXXIV, Fig. 10. 
Merista " " 12th Rept. State Cab., p. 78. 

Shell small, subglobose or slightly elongated in general form, with 
a minute, scarcely poiuted beak, and deeply impressed 1:nesial sinus 

Vo:L. IV.-21 
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on the ventral valve. Dorsal valve not seen; surface of the shell marked 
by a few strong concentric lines of growth, but. otherwise smooth. 

The oniy individuals seen are represented by impressions in the thin 
sbaly layers of rock, and present much the appearance of thos~ 
from the Coralline limestone of New York. They also slightly re­
semble a form from the Hydraulic beds of Herkimer county, New 
York, given by Vanuxem in the 3d Dist. Rept. as Atrypa brisuleata. 
but are not quite so much elongated, and it is not certain that the 
mesial depression exists on each valve as on that species. 

Formation and locality. In thin shaly beds on Mud Creek, Milwaukee, Wisconsin. 

LAMELLIBRANCHIATA. ' 

GENus PTERINEA, Goldfuss. 

PrrERINEA A VICULOIDIA. 

Plate XXV. Figs. 6: and 7. 

Megambonia aviculoidia- Hall; Pal. N.Y., Vol. III, p. 274, Pl. XLIX, Figs. 7 and 8. 

Shell of small size, snbquadrangular or quadrangularly ovate in 
outline, varying somewhat in different individuals; the anterior end 
being sometimes more contracted. Height and 1ength of the shell 
about as three to four, or in some cases· as four to five. Hinge-line 
straight, nearly as long as the posterior end of the sheJI, with a very 
broad, shallow sinus dividing H from the body of the shell below. 
Anterior end short, slightly winged and narrowly rounded, especially 
on the right valve. Basal line rounded, but more rapidly contracting 
anteriorly, the greatP.st height of the shell being at about the middle 
of the leng'th. Surface of the shell marked. on each valve by distinct, 
somewhat regular concentric lines of growth; which become grouped 
and slightly stronger anteriorly. Slight indications of faint radiating 
lines occur on one of the left valves. · 

The specimens are all very thin and flatten~d from compression, 
and present a macerated appearance, but retain the substance of the 
shell with the outline and surface characters well. preserved on some 
of them; the conditions of preservation being better in fact than most 
of those from the Tentaculite limestone of New York. These Wis­
consin specimens differ slightly from the figures of the species as 
given in Vol. III, Pal. N. Y., above cited, particularly in the greater 
proportional height of the shell; but in making the comparison di­
rect1y with specimens from the Tentaculite limestone of New York, 

/ 
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they are found to correspond much more nearly than with the figures 
cited, few of them presenting the great hejght represented in the figures 
referred to. 

Formation and. locality. In thin shaly layers referred to the base of the Lower Helder~ 
berg group, at the bottom of the Milwaukee river, near Waubakee, Wisconsin. 

CRUSTACEA. 

GENUS LEPERDITIA, Ronault. 

L~PERDITIA ALTA. 

Plate XXV. Fig. 8. 

Cytherea alta (Conrad) Vanuxem; Geol. Rept. 3d Dist. N.Y., 1843, p. 112, Fig. 6. 
Leperditia alta (Con.) Hall; Pal. N: Y., Vol. III, p. 373. 

" " Jones; Ann. Mag: Nat. Hist., Vol. XVII, 2d series, p. 88. 
" (Con.) Meek; Pal. Ohio, Vol. I. p. 187, Pl. XVII, Fig. 2. 

Body of medium size, somewhat ovate in form, being narrowed an~ 
teriorly. Dorsal line straight, from two-thirds to three-fourths of the 
entire length, and the height of the valves equaling about two-thirds 
of the length. Surface of the valves convex, more strongly elevated 
anteriorly, where they sometimes present a slight, almost impercepti­
ble angularity; lower margin convex, and on the right valve rather 
abrnptiy inflected. Ocular(~) tubercle of small size, and often im~ 
perceptible, situated anterior to and below the point of greatest con­
vexity and quite near the anterior end, when present, though varying 
somewhat in position on different individuals. Surface of the crust 
apparently smooth. 

The specimens of this species from Wisconsin present all the fea­
tures possessed by the New York individuals, 'both in size and form; 
and, although existing. usu.ally as casts and impressions only, are 
readily recognized as of the same. species. Their mode of occurrence 
is also very similar, in some. layers being so abundant as to e~th·ely 
cover the surfaces, caueing the rocks to readily separate into thin 
laminre along the planes of their occurrence. ' 

Formation and locality. In rocks of the age of the Onondaga salt group, or base of 
the Lower Helderberg group of New York; at Waubakee. 



324 PALlEONTOLOGY. 

SPECIES FROM THE HAMILTON GROUP.* 

BRACHIOPODA. 

GENUS I.JINGULA, Brug. 

LINGULA p ALJEFORMIS. 

Plate XXV. Fig. 10. 

Ungulapakejm·m1·s-~all,· Pal. N.Y., Vol. IV, p. 8, Pl. I, Fig. '1. 

Shell rather larger than medium size; broadly ·triangular in gen­
eral form, being widest near the front and pointed at the be~k, with 
the cardinal slopes nearly straight or but slightly convex to below' the 
middle of the length, and diverging at an angle of about eighty de­
grees. Front margin broadly rounded or flattened, and the lateral 
angles abruptly ro1;nded from the extremity of the cardinal slopes to 
the basal border. Body of the shell, as indicated by the specimen, 
flattened in the central portions or very depressed convex. The sur­
face of the shell has been distinctly and very regularly marked by\ 
"even, closely arranged, elevated, concentric ridges parallel to the mar­
gin, marking stages of growth, and with regularly increasing distances 
·from the apex outward. 

Judging from the appearance of the only individual seen, the beak 
of the ventral valve has been. considerably extended beyond that of the 
dorsal and more narrowly pointed. 

The only distinction. that can be noticed in a direct comparison 

between these specime~s and the types o£ the species from New York, 
is the more distinct concentric lines of the surface; but the most per­
fect individual of those, the one figured in theN. Y. Vol., is consider­
ably exfoliated and abraded over much of the surface, thereby obscur­
ing the characters to some extent. There is also great resemblance 
between this species and small specimens of L. spatiosa Hall (Pal. 
N. Y., Vol. III, p. 158, Pl. IX, fig. 10), from the Lower Helderberg 
group; but when the comparative size of individuals is considered, the 
resemblance is stronger to the Hamilton group species. 

Formation and locality. In rocks ,of the age of the Hamilton group of New York, at 
W a.sbington street bridge, Milwaukee, Wisconsin. 

*See note A on page 349. 
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GENus DISC IN A, La mark. 

DISCINA MARGINALIS, il. sp. " 

· Plate XXV. Fig. 11. 

Shell small, rather below the medium size, discoid, and very ·nearly 
Gircular. Upper valve very depressed convex, gradually rising from 
the front margin to the apex, which is situated quite near the margin, 
,but not terminal. The outline of. the border of the valve is very 
slightly narrowed as it approaches this part. Lower valve flat, a very 
little less in diameter than the upper one, and the apex situated more 
than one-thitd of the width. of the valve from the anterior margin; 
between which and the apex there is a slit or foramen of medium size, 
apparently not extending entirely to the margin. Surface of the upper 
valve marked by irregular, concentric lines of gro,vth, which have a 
slightly lamellose character. That of the lower valve has been marked 
by quite regular, elevated lines or ridges, parallel to the margin, .and. 
placed at regularly increasing distances from each other. 

The species closely resembles .D. Lodensis Hall, from the Hamilton. 
group of New York, but di.ffers in the position of the apex of the 
upper valve. One peculiarity of the shell is the difference in the po­
sition of ·the apex as shown on the opposite valves, the one being 
nearly central, while the other is almost marginal. There is no ques­
tion, however, as to their belonging to the ::;ame individual, as they are 
almost in their natural .position .with regard to each other, in the 
specimen used; and as but few individuals of the. species have been 
obtained, they cannot have been abundant in the seas of. the period, 
giving but little chance for accidental mingling of individuals. The 
lower valve· closely resembles that of .D. humilis IIall, from the Ham­
ilton shales of New York, but differs principally in the smaller size; 
but as the upper valve of that species is unknown; there is no further 
means of comparison. 

Formation and locality. In rocks of the ·age of the Hamilton group of New York, 
near Milwaukee, Wisconsin. 
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GENus ORTI-IIS, Dalman~ 

0RTHIS IMPRESS.A. 

Plate XXV. Figs. 13-15. 

Orthis impressa-Hall; Geol. Rept. 4th Dist. N.Y., 1843, p. 268, and Fig. 2, p. 267; 
Pal. N.Y., Vol. IV, p. 60, Pl. VIII, Figs. 11-19. 

Comp. 0. Tulliensis --Vanuxem; 0. Iowensis ,· and 0. Maifarlani- Meek. 

Shell of large size, transversely oval in outline, with highly Gonvex 
dorsal and depressed-convex venti·al valves; the latter marked along 
the middle by a very broad, ill-defined, mesial depression, which often 
modifies the front margin of the dorsal valve, to· a slight extent, caus­
ing a broad emargination of the border. Surface of the shell marked 
by fine, closely arranged, radiating strire. · 

The specimens of this species, like most of the fossils of these beds, 
are represented only by the internal casts and impressions of the ex­
terior surface of the same, and usually only of separated valves; so 
that the entire form of the shell is seldom seen. The internal casts 
retain the imprints of the muscular impressions, often in a ve~y per­
fect condition, and in this state the species is so exactly similar to 
specimens froin the Chemung gronp of New York, as to almost per­
suade one they were from the same locality and bed. The muscular 
imprints of the opposite valves of the species are quite distinctive, and, 
aside from the difference in the degree of convexity, will readily serve 
to distinguish them. That of the ventral is elongate and deeply 
bilobed, the point projecting somewhat beyond the line of the cardinal 
area; while that o£ the dorsal is wider than long, bilateral and flabel­
liform; each side being divided into anterior and posterior lobes by~ 
usnally quite distinct, obliquely transverse ·depressed line. 

Species of this type of Or this range ahnost uninterruptedly through 
the different geological formations froru the Lower Helderberg group 
to the Carboniferous; and differ so little in form and general charac­
ter, that they are often q nitc difficult of distinction. The 0. im­
pres8a diftet•s from most others in the greater proportional' difference 
in the convexity of the valves, but is also generally proportionally 
wider than most other forms, with a broader and sometimes deeper 
mesial depression of the ventral. 

Formation ·and locaWy. In the Hamilton group beds, at Washington street bridge, 
Milwaukee, and at White Fish Bay, Wisconsin. 
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GENUS STROPHODONTA, Hall. 

STROPHODONTA DEMISSA. 

Plate XXV. Fig. 18. 

StJ·ophomena demissa- Conrad; 1842; Jour. Acad. Nat. Sci. Phil., Vol. VIII, p. 258, 
. Pl. XIV, Fig. 14. 

Strophodonta demissa (Con.)-Hall; 1t!47; lOth Rept. St. Cab., p.137;-Rept.Geol. 

s. " 

Surv. Iowa, Vol. I, Pl. II, p. 495, Pl. III, Fig. 
V;-Pal. N.Y., Vol. IV, p. 101, Pl. XVII, 
Fig. 2. 

demissa (Hall)- Owen; Rept. u-eol. Surv. Iowa, Wis. and Minn., Tab. 
3 A., Fig. 14. 

Strophomena demissa (Hall)-Meek; Trans. ChL A. Sc., Vo1.1,p.87, Pl. XIII, Fig. 6. 
" " (Con.)- Billings; Devonian Foss. Can., 1861, p. 77 ;-Can. Jour., 

2d Series, Vol. VI, p. 341, Figs. 116-118; 
Nich. Pal. Ontaria, 184 7, p. 65. 

Shell .semi-oval or semi-elliptical in outline, and plano~convex or 
concavo-convex in profile. Hinge-line straight, longer than the shell 
below; the extremities often submucronate; area moderate on each 
valve, but largest on the ventral. Dorsal valve fiat or slightly convex, 
often with a slight depression extending along the middle. Ventral 
valve convex or depressed convex over the visceral region, becoming 
depressed at the sides near the cardinal line. Surface of both valves 
marl~ed by coarse, angular, bifurcating or fasciculate radiating strire, 
which are usually strongest in the center near the upper part of the 
valves. ~urnerous strot1g concentric lines of growth, especially to­
ward the front margin, also characterizes the shell. 

Formation and locality. In the Hamilton group beds, at Washington street bridge, 
Milwaukee, and at White Fish Bay, Wisconsin . 

... 

GENus CHONETES, Fischer. 

CHONETES CORONATA W 

Plate XXV. Fig. 16. 

St1·ophomena coronata (by e1·rorcarinata)- Conrad; Jour. A. N. S. Phil., Vol. VIII, 
p. 2.)7' 1842. 

Chonetesco,·onata(Con.)-Ilall; Pal. N.Y., Vol. IV,p.133, Pl.XXI, Figs.10-12. 

Two.imperfect individuals, which have been referred with doubt to 
this species, are present' in the collection, one, an internal cast of a 
ventral valve, the other an impression of the exterior of a ventral; 
neither of them perfect enough to afford means for positive determina-
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tion. The specimens have been figured as they appear, the latter 
.from a gutta·percba impression in the natural mould, that they may, 
in part at least, tell their own story. ·The internal cast of the ventral 
valve presents some slight ·variation from New York specimetis, in 
the greatm· strength of the muscular impressions, but in the punctate 
character of the cast and the gerieral form, it corn~sponds closely. 
The external impression cl~sely resembles .those from New York. 

Formation and locality. From the Hamilton group beds, at Washington street 
bridge, Milwaukee, Wisconsin. 

GENUS SPIRIFERA, So~erby. 

SriRIFERA l\IUCRONATA. 

Plate XXV. Figs. 27 and 28. 

Delthyris mucronata- Conrad; Ann. Rept. Geol. Surv. N.Y., 1841, p. 54, Pl.-, Fig.l8. 
" " (Con.)-Vanuxem; Geol. Rept. 3d Dist. N.Y., p. 150. 
" " (Con.)-Hall; Geol. Rept. 4th Dist. N.Y., p. HJ8. . 

Spirifera " (Con.)-Bill.; Can. Jour., May, 1861. 
" (Con.)-Hall; Pal. N.Y., Vol. IV, p. 216, Pl. 34, Figs. 1-32. 

" " (Con.)-..:..Yich.; Pal. Ontario 1874, p. 80. 

A few specimens," undistinguishable so far as the characters .are pre­
served, from this species, are present in the collection, representing 
both dorsal and ventral valve in the condition of casts. The ventral 
valve is £our times as long, measured on the hinge, as the length from 
beak to base, with the extremities slenderly mucronate. The valve is 
d.ivided in the middle by a deeply concave mesial sinus, strongly lim­
ited, and about half as wide on the front margin as the length of the 
shell along the sinus. Each side of the shell is marked by about 
twelve or fourteen distjnct, rounded or subangnlar plications, exclu­
sive of that bordering the sinus; four or five of which are small, and 
situated near the extremity. Area of the valve narrow. Dorsal valve, 
although less perfect than the others, is· still characteristic; the fold is 
of similar proportions to the sinus, :flattened on the top with a de­
pressed line in the middle, and the plications slightly more angular 
than those of the other valve. 

Su~·fnce of both valves, as indicated on the casts, marked by coarse, 
imbricating lines parallel to the anterior border of the valve, and 
cros·sing the plications, to which they give a semi-nodose or rngose 
character. 

Formation and laccility. Hamilton group beds, at Washington street bridget Milwaa­
kee1 "\Visconsin. 
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SPIRH'ERA. A.UDA.OULA.. 

Plate XXV. Figs. 25 and 26 • 

. Delthy1·i.s audacula- Conrad; Jour. Acad. N. Sci., Phil., Vol. VJII, p. 202. 
Delthyris medialis-Hall; Geol. Rept. 4th Dist. N.Y .. 1842, p. 208, Fig. 8. 
Spirijer medialis-Hall; lOth Rept. State Cab., p. 164. 
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Spirifera medialis- Hall; Pal. N.Y., Vol. IV, p. 227, Pl. XXXVIII, Figs.l-25. 

The specimens in the collecti_on repr~senting this species are dorsal 
valves only; they a1~e, however, so entirely characteristic and so readily 
distinguished from any of the associated species, that there can be 
no difficulty. ip distinguishing them, and certainly no question as to 
their specific identity. 

The form is triangular, or_ in some cases trapezoidal, from the trun­
cation of the front, hinge-line straight, one and three-fourths to twice 
and a half as wide as the length from beak to base, the extremities 
sometimes narrowed and slender, but in the shorter forms, obtuse; 
sides of the val yes straightened; surface moderately convex and marked 
on each side of the narrow, convex or slightiy flattened mesial fold, by 
from fifteen to twenty-two or more slender, rounded plications, most 
of which pass off on the cardinal line. The plications have evidently 
been crossed by a few imbricating lines 'of g~owth, not strongly shown 
on the internal casts. 

Fi:wmation and locality. In beds of the Hamilton ·group, at Washington street 
bridge, Milwaukee, Wisconsin. 

SPIRIFERA A.NGUSTA.. 

Plate XXVI. Fig. S. 

Spirifera Angusta- Hall; lOth Rept. State Cao., p. 164. 
S. " Pal. N.Y., Vol. IV., p. 230, Pl. XXXVIII A, Figs. 23-82. 

A single imperfect ventral valv·e of this species has been recog~ 
nized. The form is rrn~ch elongated in the direction of the hinge­
line and short from beak to base, with a proportionally elevated 
hinge-area, slightly arcuate or recnrved at the apex as it occurs im­
bedded in the rock; sinus narrowly triangular, more rapidly widening 
in the front half, with the sides angular and the bottom slightly .flat­
tened. Plications twelve or thirteen on each side, angular in form, 
arching backwards as they approach the hinge-line, but becoming 
obsolete within the margin. The surface has been marked by a few 
it:nbrieating lines of growth, parallel to the margin, which are pre­
served on the cast. 
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Aside from the general form of the shell, ·the form of the plica­
tions is characteristic; the strongly recurving direction of their 
extremities as they approach 'the cardinal border, not being a common· 
feature of the Spirifera of the Hamilton group. It is, however,' 
strongly shown on specimens of S. arctiBegmenta from the 1J' pper 
Helderberg limestone, which is a closely allied form. 

Forniation and locality. In the Hamilton group beds, at Washington street bridge, 
Mil waukee, Wisconsin. -

SPIRIFERA. EURUTEINES, var. FORNA.CULA.. 

Plate XXV. Fig. 22. 

Spirifera fornacula- Hall; lOth Rept. State Cab., p. 154. 
" euruteines va1·. fornacula -Hall; Pal. N.Y., Vol. IV, p. 211, Pl. XXXI, 

Figs. 11-13. 

Shell small, ventricose in profile and transversely oval, or sub-ellipti­
cal in outline, with an elevated cardinal area. Ventral valve most 
convex on the umbo, with gently convex sloping sides, and rounded 
cardinal extremities; center of the valve ma!ked by a narrow, concave, 
well marked mesial sinns, and each· side by about ten low, rounded, 
radiating plications; area .moderately high; ·fissure narrow. Dorsal 
valve less elevated, but more regularly convex than the ventral, the 
greatest elevation being a pont the middle of the valve; mesial fold 
and plications corresponding to those of the ventral, with the excep­
tion of a perceptible flattening on the middle of the fold. 

The specimens correspond very closely with the originals of the 
variety fornamtla, described and figured by Prof. Hall. They differ 
essentially from the ·form usually known as S. euruteineB Owen, in 
the overarching of the ventral beak and the rounding of the cardinal 
extremities; and for these reasons I think they will prove to be a dis­
tinct species when more perfect material can be had. 

Formation and locality. In the Hamilton group, at Washington street bridge, Mil­
waukee, Wisconsin. 

SPIRIFERA. PENNATA. 

Plate XXVI. Fig. 4. 

Spirifer pennatus- Owen; Rept. Geol. Surv. Iowa, Wis. and Minn., Tab. 3. Fig. 3. 
S " (Owen,)-Hall; Geol. Iowa, Vol. I, pt. 2, p. 510, Pl. V, Fig. 1. 

Shell large or above a medium size, short· from beak to base and 
very extended on the hinge-line, which is often prolonged intc mu-
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ct·onate points of varying degrees. Valves angularly ventricose, the 
ventral much the deepest and marked in the center by a broad, some­
what abruptly depressed, subangular mesial sinus, which extends to 
the apex of the valve. Sides of the valve between the sinus and the 
hinge-extension slightly concave, and occupied by from sixteen to . 
twenty or ~ore low, rounded or subangular, simple, radiating plica­
tions, which gradually decrease in size from the sinus outward, becom· 
ing minute and very oblique near the hinge-extension. Dorsal valve 
depressed-convex, and the fold less angular than the sinus of the ven­
tral; the plications on the sides very similar to those of the ventral. 
Hinge-area high on the ventral valve, and divided in the middle by a 
broad foramen. Surface characters of the sheil not preserved. 

The individuals of this spe~ies are numerous, but usually not well 
preserved, so the features of the shell has not been observed on the.m. 
They are sufficiently distinct, however, to leave no possible doubt of 
their specific identity with the specimens from ·Independence, Iowa. 

Formation and locality. In beds of the Hamilton group, at W a.shington street bridge,· 
Milwaukee, Wisconsin. 

SPIRIFERA (CYRTINA) ASPERA. 

Plate XXVI. },igs. 1 and 2. 

Spirifer aspera-Hall; Geol. Iowa. Vol. 1, Pl. II, p. 208; Pl. IV, Fig. 7. 

Shell of moderate size, semicircular in a dorsal view, trapezoidal 
when viewed from the ventral side, and highly subpyramida~ in pro­
file. Dorsal side moderately convex, with the hinge-line about as 
long as the greatest width in the internal casts; beak rather large. and 
projecting beyond the hinge-lin'e; mesial fold simple, of moderate 
width, strongly convex and rather less than half as wide across the 
front as the length of the valve from beak to front; sid~s of the valve 
marked by fifteen or more simple, low, rounded plications. Ventral 
valve highly pyramidal, with a pointed apex and a highly elevated, 
nearly vertical cardinal area, which is about half as high as the entire 
length of the 'hinge-line, and is divided in the middle by a narrowly 
triangular fissure, not more than one-third as 'wide at the base as the 
height of.. the area; mesial sinllS appearing wid~r in proportion than 
the dorsal fold, moderately to .deeply concave, with angular margins; 
sides of the valve somewhat flattened between the fold and the car­
dinal border, and marked by plications corresponding to those of the 
dorsal side. 

The Wisconsin specimens of the species are all casts, and conse-
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quently do not show the minute surface structure of the shell. The 
species was first described from rocks of Devonian age at Rock Islan~, 
Ill.; and on the type specimens the surface is shown to be strongly 
granulose, in fact densely covered with comparatively large, rounded 
granules, without apparent arrangement; still on close examination 
they are found to be concentrically arranged on the fine, transverse 
lines of growth. The Rock Island specimens figured by Prof. Hall, 
shows about twenty plications on each side of the fold and sinus; the 
sper.iinen retaining the shell of course will preserve more in number 
than internal casts even of a corresponding size. 

The species presents to some extent the features of 0YRTINA, hav­
ing very broad dental lame1lre which extend across the apex of the 
ventral valve to considerable extent, and also a mesial septum divid­
ing the muscular impression, and an internal depressed pseudo-deltid­
ial plate, extending across the fissure for from ohe-half to two-thirds 
qf the depth of the valve. The granulose structure of the surface is 
also similar, although no absolute punctate structure can be detected 
in the shell of the type specimens. 

Formation and locality. In the rocks of the Hamilton group, at Washington street 
bridge, Milwaukee, Wll.consin. 

GENUS SPIRIFERIN A, De' Orb. 

8PIRIFERINA ~ ZICZAC. 

Plate XXV. Figs. 23 and 24. 

Delthyrisziczac-Hall; Geol. Rept. 4th Dist. N.Y., pp. 200 and 201, 1842. 
Spi1·ijera ziczac-Hall; Pal. N.Y., Vol. IV, p. 222, Pl. 35, Figs. 15-23. 
Spirifera clio.- Hall; 13th Rept. St. Cab.~ p. 93, 1860. 

Specimens oJ a small spiriferoid shell closely resembling this spe­
cies are quitA common, but of smaller size than those ·from the soft 
shales of the Hamilton group, and having greater affinities with a 
small form closely resembling it, occurring commonly in the sandy 
layers of limestone at the old Incline Plane near Ithaca, N. Y. The 
form is ·transversely elliptical, once and a half to twice as wide on the 
hinge-line as the length from beak to base; valves gibbous or·strongly 
con vex, with a moderately elevated and incnrved cardinal area. Sur­
face of the valves arcuate, divided in the middle by a moderately wide 
and dee1? sinus on the ventral valve, and by a corresponding fold on 
the dorsal, which is ~attened or slightly grooved along the middle. 
They are also marked on each side of the center by six or seven strong, 
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snbangular plications. The surface of the casts show strong evidence 
of numerous coarse concentric lines crossing the plications, which 
arch strongly backwards in crossing them. 

The internal casts offer but very slight evidence of an internal lon­
gitudinal septum in the ventral valve required in Spiriferina, in this 
respect resembling the New York specimens of the species. 

Formation and locality. In the Hamilton group beds, at Brown Deer, near Milwau­
kee, Wisconsin. 

· · ... GENUS ATRYPA, Dalman. 

ATI~YP.A. RETICULARIS L. and A. SPINOSA and A. ~YSTRIX, Hall. 

Plate XXVI. Figs. 5-8. 

Specimens representing these three forms of Atrypa, are compara­
tively common among the collections of the survey, from the Hamil­
ton group. Those representing A. reticularis have much the charac­
ter of specimens from the soft shales of the formation in New York, 
being finely marked and the dorsal valve strongly convex, with nu­
merous strong, concentric growth lines imbricating the radii. Those 
referred to A. spinosa Hall, are more coarsely marked, the radii. pre:­
senting a somewhat knotty appearance at the crossing of the concen­
tric line's, while the valves are more nearly equally convex than thosP­
of the last; and the shell is usually wider above, presenting a some­
what square-shouldered appearance, seldom or never possessed by 
either of the above species. The A. Aystrix is lenticular in profile, 
the valves being nearly equally con,'ex, and marked by only a few, 
very coarse, usually bifurcating plications, which are crossed by dis-

. tant and strong concentric undulations, marked at the junction of the 
plications by strong nodes corresponding to the bases of the spines. 
These specimens have precisely the features of the specimens from 
the higher beds of the series at Rockford, Iowa; being slightly more 
regular i~ their growth than those from the Cfiemung gron.p of New 
York. 

It is a very interesting fact connected with the distribution of 
species, finding these three forms of the genus so characteristically 
represented, at an isoiated outcrop of the formation, particularly one 
so slightly developed as is this one; and to find them associated with 
other species also, which, in other geographical areas, are confined ·to 
different or distinct geological horizons, separated by deposits of great 
thickness, as they are in New York, between the !{a milton shales and 
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the Chemung group above. It tends to show the ·continuance and 
preservation of specific forms through a long lapse of time, and over 
great geographical areas, where the conditions were favorable for their 
preservation. and their distribution through forced migrations, by 
gradual changes of conditions, instead of extinctions, over ·areas, by 
sudden changes of circnmsta.nces. 

Formation and locality. In the Hamilton group, at Washington street bridge, Mil-
waukee, Wisconsin. 1 

GENus LEIORHYNCHUS, Han.· 

LEIORHYNCHUS KELLOGGIW 

Plate XXVI. Fig. 9 . 

. LeiorhynchusKellog,qi-Hall(?),· Pal. N.Y., Vol. IV, p. 361, Pl. LVI, Figs.l-12. 

Shell of moderate size, transversely oblate in outline and moderately 
convex in profile, giving a rather rounded lenticular section. Dorsal 
valve about three-fourths as long as wide, and presenting an almost 
regularly oval figure, the beak not projecting beyond the general con­
tour; central: third of the valve elevated to form the mesial fold, which 
is not conspicuous on the posterior third of the valve, but is marked 
by four low, bnt slightly angnlar plications, one of which, on the 
specimen figured, bifurcates, giving five on the front part of the valve; 
sides of the valve marked by from three to five slightly raised and 
faintly marked plications. .Features of the ventral valve not clearly 
seen, _as the specimens are much distorted by compression. The in­
ternal casts are marked by the characteristic mesial septum in the 
dorsal valve, which on one individual has extended beyond the middle 
of the length. 

The specimens present the features of the species, as shown on the 
Ohio specimens originally used, and also retain, to some extent, mark~ 
ings of the long radiating fibrous shell structure, which appears to be 
a usual character of the genus. The plications shown on the figured 
specimens are somewhat more strongly developea than are those of 
the types of the species; but as those are all partially exfoliated, they 
are consequently somewhat reduced in strength. 

Formation and locality. In the Ham~ton group, at Wa.shington street bridge, Mil· 
waukee, Wisconsin. 

• 
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LAMELLIBRANCHIATA. 

GENUS MODIOMORPHA, H. & w. 
MoniOMORPHA coNCENTRICA. 

Plate XXVI. Fig. 10. 

Pternea concentrica- Conrad; Ann." Rept. Geol. Surv. N.Y., p. 116, 1838. 
Cypricardites concentrica-Conrad; Ann. Rept. Geol. :::;urv. N.Y., p. 52, 1841. · 
Modiola concentrica-Hall; Geol. Rept. 4th Dist. N.Y., p. 196, Tab. 78, Fig. 9. 
Cypricardite.~ oblonga- Com·,x,d; Ann. Rept. Geol. Surv; N. Y., p. 52, 1841. 
;.1/odiomorpha.concentrica-H. cf: W.; Prelim. N:oticeLamellib. Shells of the Up. Held., 

Hamilton and Chemung groups, etc., p. 73 
(distributed without author's name). 

Mocliomorpha concentrica- Meek cf: Worthen. 

The specimens repre~enting this shell are below the usual ~ize and 
in a rather poor state of preservation, but possess the usual features 
of the species. The form is transversely elongate, ovate or subovate, 
and.very compressed.. The anterior end is short and nat-rowed in fr~mt 
of the beaks·; while the posterior portion gradually expands in height 
from the beaks for about two-thirds of the length, from which point, 
the margin is rapidly rounded and declines to the postero-basal ex­
tremity; basal line slightly convex posteriorly, and slightly emarginate 
opposite the beaks; the latter feature is small, compressed and directed · 
forward. U mbonal ridge rounded but not conspicuous.. Sm·face of 
the shell marked by numerous. regular, closely arranged concentric 
ridges, which are most distinct along the umbonal ridge. 

Fm·mation and locality. In the Hamilton group, at Brown Deer and at White Fish 
Bay, near Milwaukee, Wisconsin. 

GENUS p AL..EANEILO, H. & w. 

p AL..EANEILO CONSTRiCT A. 

Plate XXVI. Figs. 13 and 14. 

Nuculites constricta- Com·ad; Jour. Acad. Nat. Sci. Phil., Vol. VIII, p. 249, Pl. XV., 
Fig . .8. 

Palcermeilo constricta-H. cf: W. (Con.); Prelim. Notice Lamellib. Shells of the Up. 
Helderberg, Hamilton and Chemung groups, etc., 
p. 7 (distributed without author's name), 1869. 

Shells of sm~ll size, seldom attaining a length of more than three. 
fourths of an inch. · Form irregularly ovate transversely, the length 
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nearly twice the .height; largest anterior to the middle, and ·rapidly 
narrowing poster~orly. Anterior end ·rounded; basal line full and 
somewhat protruding near the 1niddle of its length, between which 
poi~t and the posterior extremity it is distinctly and broadly sinuate. 
Posterior extremity narrow, the margin rounded, and the longest 
point a little above the middle of the height of the valve; hinge­
line slightly arcuate, more abruptly bent at the beak, the posterior 
side nearly t'~ice ·the length of the anterior,. and both . marked by 
numerous small, cni·ved teeth, the num her not ascertained on any of 
the specirnen.s.in hand. Surface of the shell moderately convex on the 
middle and at the anterior end, but compressed posteriorly. Posterior 
to· the middle, and correeponding to the urn bona} angle of other shells, 
there exists a broad, shallow depression or sulcus, which extends from 
behind the beak to· the constrictiqn of the postero-basal border; as in 
all species of the genus yet noticed. _The surface markings consist of 
.fhie regnlar lines parallel. to the margin, covering the anterior and 
middle portions of the shell, but becoming obsolete .on the posterior 
portion and 'in the sulcus. 

The shells of this sp.ecies are s·omewhat variable in their propor­
tions of length and breadth, and in the depth and distinctness of the 
posterior sulcus and basal constriction; dependent on the greater or 
less extension of the posterior extremity of the valves. The species 
has been recognized in several distinct geographical regions, and these 
variations are noticed at each of the localities. 

Formation and locality. In Wisconsin it has been noticed only on the lake shore at 
· White Fish Bay, near Milwaukee. 

p ALJEANEILO NUOULIFORMIS. 

Plate XXVI. Fig. 12. 

Ledet nuculiformis-Stevens; Am. Jour. Sci. & Arts, 2d Series, Vol. XXV, p. 262,1858. 
Leda Barrisi-Wh. d!: Whitf.; Proc. Bost. Soc. Nat. Hist., Vol. VIII, p. 298. 
Pala:aneilo Barrisi-H. d!: W.; Prelim. Notice Lamellib. Shell of the Up. Helderberg, 

Hamilton and Chemung groups, etc. (distributed 
without author's name), 1869. 

A s'ingle right valve of this species has been noticed among the col­
lections of the survey, having a length of three-fourths of an inch, and 
pr.esenting the usual characters shown on those from the Burlington 
sandstones and from the Marshal sandstones of Mi~higan. The form 
is elongate-elliptical, the length nearly twice and a half the height; 
beak small an~ inconspicuous, situated at about, or a little within the 
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a,nterior third of the length; anterior· end the largest, and rounded; 
the posterior,eud narrowed from the beak and the extremity more 
sharply rounded, the longest point being a little above the 1niddle of 
the height, the basal line rounding upward from just behind the cen· 
ter; hinge-line gently curved and marked by numerous small teeth. 
Surface of the shell marked by somewhat regular coricentric lines of 
growth. . 

The original specimens of the species were from the· Marshal sand­
stones near Battle Creek, J\1:ichigan; and were described as coming 
from coal measure strata, in consequence of which they were over­
looked in the description of ·Leda .Barrisij but sevei:al years after­
ward, in looking_ over the type collection of Mr. R. P. Stevens, his 
specimens were noticed and recognized as specifically identical with 
those from the Burlington sandstone, and to have come from strata 
other than coal measures. The form described as Nucula Iowensis 
in the same paper with Leda Bar1·isi ·was also recognized under the 
name N'uoula lioughtoni Stevens, and as these names antidate Leda 
Barrisi and N ucula I owensis these latter will take their place as 
synonyms. . 

It is of considerable interest to find this species, which in Ohio, 
Michigan and Iowa, is found in rocks which· are considered as of 
·waverly age, here associated with so many forms of undoubted I-Iam­
ilton age; and it sho .vs conclusively the close connection and unin­
terrupted passage of the fauna of this earlier period into that of the 

' later, and if the Waverly group proves to be of Lower Carboniferous 
; age, as is claimed for it, a passage of the fauna of one into that of a 

stibseqnent AGE. It also proves a connecting link between the for­
mations around Milwaukee and those of Michigan on the opposite 
side,of the lake. · 

. Formation and locality. In the Hamilton group, at White Fish Bay, near Milwau­
kee, Wisconsin. 

p AL1EANEILO EMARGINATA • . 
Plate XXVI. Fig. 11. 

Nuculites emarginata- Conrad; Ann. Rept. Geol. Surv. JT. Y., 1841, p. 50. 
Palreaneilo emarginata- (Con. sp.)- H. ·c~; W.; Prelim. notice, Lamellibranch. 

shells of the Up. Helderberg, Hamilton and CP.emung 
groups, etc., p. 7 (distributed without author's name), 
1869. -

Shell small, strongly convex, very transverse, with dorsal and basal 
llla1·gins straight.and parallel; anterior end short and rounded; pos­
tel'ior end narrowed from below and extended along t~e cardin.al line, 

VoL. IV.-22 
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the extremity pointed or slightly rounded; posterior basal margin 
sharply and deeply constricted or emargimite, corresponding to a deep, 
sharp sulcus which crosses the surface of the shell from behind the 
beaks to this point, pro.ducing a· strongly marked feature. Beaks 
~mall and inconspicuous, situated near the anterior extremity. Sur­
face ·of the shell ornamented by very distinct, regular, raised 1ame11ose 
lines or ridges, parallel to the margin and marking stages of growth. 
Entire length- of the shell equal to about twice the height. 

The Wisconsin specimens of this species are somewhat smaller than 
those from N JW York, and are usually slightl)· rlattened; in which 
condition they present an appearance somewhat intermediate between 
the P. emctryinata and P. filosa (Conrad, sp.) of the Chemung group 
of New York, but when COI;llpared with small individuals of the first 
named species .they are found to correspond very closely. 

Formation and locality. In the Hamilton group, at Washington street bridge, Mil­
waukee, and at White Fish Bay, Wisconsin. 

CEPHALOPODA. 

GENUS GOMPHOOERAS, Sowerby. 

Go:MPHOCERAS ~ _ FUS.IFORME, n. sp. 

Plate XXVI. Fig. 16. 

Shell rather below a medium size, very moderately expanding from 
below upward to near the middle of the outer chamber, as seen on the 
type specimen, above which it again decreases to the aperture some­
what more abruptly than below. Section circular, or very nearly so, . 
the slight flattening of the specimen probably dne to compression. 
Septa not distinctly defined in- the specimen, but ap-parently about 
one-sixteenth to one-twelfth of an inch apart, and bnt slightly concave. 
Siphuncle not observed. 

The aperture of the specimen is narrowly sinuate on one side, but 
does not appear to have been contracted and trilobed ~s is usual with 
specimens of the genus from older rocks. This feature is noticeable 
in many species of this group of shells from rocks of the Devonian 
age, and it is probable they may require a different generic designa­
tion if it is found· to be a prevailing feature of those of this period. 

Formation and locality. In the Hamilton group, at White Fish Bay, near Milwau­
kee, Wisconsin. 
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GoMPHOCERAS BREVIPOSTICUM, n. sp. 

. Plate XXVI. Fig. 15. 

Shell rather below a medium size, very rapidly expanding from be7 
low. upward, the rate of increase more rapid toward the base of the 
outer chamber than in the earliest stages of growth, and again decreas.: 
ing in the same rate to near the middle of the chamber, and gently 
contracted· above to the aperture. The rate of increase in the type 
specimen in a length of two inches below the point of greatest diam­
eter, is from a little less than five-eighths of an inch to one inch and 
seven-eighths; septa moderate, those preserved being about one-eighth. 
of an incl; apart; siphuncle lateral in the· specimen;· aperture sharply 
sinuate on one side, at a distance of one-fourth of the circle from the 
1josition of the siphun~le. No evidence of the·lobed contraction of 
the aperture, as in the Silnrian examples of the genus, exists. 

The specimen is flattened by compression, so that the apparent ex­
i)ansion is probably somewhat greater than natural. 

Fm·mation and locality. In the Hamilton group, at White Fish Bay, near Milwaukee, 
\Viseonsin. 

CRUSTACEA. 

Genus PHACOPS, Emmerich. 

PHACOPS RANA. 

Plate XXVI.. Figs. 17-19. 

Calymene bufo, fJar. rana- Green;. Mon. Am. Trilobites, p. 42, 1832. 
Phacops rana (Green) -flall,· 15th Rept. State Cab., p. 93, 186::!; Illust. Dev. Foss., 

1876, Pl. VII and VIII. 
Phacops 'mna (Green)-.J.lf. cf: W., Geol. Rept. 111., Vol. HI, p. 447, Pl. XI, Fig. 1. 

The few imperfect fragments of this species which the collection 
contains; are ·sufficiently characteristic to leave no reasonable doubt of 
their specific identity. They consist of two separated pygidial plates, 
and a nearly entire thorax, but no heads have been examined; 
consequently, the most reliable features of the species have not been · 
noticed. The portion of th~ thorax pl'eserved, consists of. parts of 
eleven segments, and is a little wider than long, the greatest width be­
ing at about the fourth segment from the anterior end, from which 
point it gently contracts, with a slight curvature, to the pygidiurn, 
some parts of which are visible. The axial lobe is moderately elevated, 

\ 
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regularly tapering hackward and slightly narrower than the lateral 
lobes. Lateral lobes flattened on the surface for nearly t\vo-thirds of 
theiJ· width; outside of the flattening they are rounded and rapidly de­
clining to the margin. Articulation strongly convex and moderately 
arehed forward in the centre of the axis and gently inclined back­
ward acro~s the flattened portion of the lateral lobe, arid more strongly 
bent at the angle of the lobe, but roun'ded forward at the extremities 
of the pleura. 

The pygidial plate is transversely subelliptical, with obtusely pointed 
lateral extremities, and a moderately convex surface. Axis narrow, 
scarcely more than one- fourth of the entire wjdth of the plate, even 
on the anterior end, rapidly narrowing posteriorly in the cast, pointed 
at the extremity,' which terminates a little within the out~r margin. 
Axis marked by about eight rings exclusive of the anterior articulat­
ing projection; lateral lobes marked by five on t~e cast, and possibly 
there may have been six showing on the outer crust. The specimens 
all being casts, the surface features of the crust cannot be determined. 

Formation and locality. In the Hamilton group, at Wa.shington street bridge, and 
at White Fish Bay, near Milwaukee, Wisconsin. 



SUPPLEMENTARY SPECIES: 

GENus D~KELLOCEPRALUS, Owen. 

DIKELLOCEPHAL us J.ODENSIS. 

Plate XXVII. Figs. 12 and 13. 

DikeZlocephnlus Lodensis- Whitfield; a!'te, p. 188; also Ann. Rept. Wis. Gl~ol. Surv. 
1880, p. 51. 

·This species was first founded upon a single detached cheek. Since 
that time I have received other material which illustrates the species 
more fully, and from which the following description is drawn .. 

Body broadly ovate in outline, the width across the upper part of 
the thorax being about two-thirds as great as the entire length, the 
whole being distinctly trilobed. Cephalic shield, as shown by the 
left movable cheek, and an isolated glabella and fixed cheeks referred 
to the same species, has been broadly snbsemicircnlar. Glabella de­
pressed convex, half as long again as wide across the middle, slightly nar­
rowed anteriorly and rounded on the anterior end, but presenting a some­
what squarish aspect in front. Two pairs of glabellar furrows mark its 
surface, the· posterior pair unite in the center and form a continuous 

Jine across the glabella, of nearly .equal strength with the occipital. 
furrow and parallel to it; the anterior pair are faintly marked, each 
one extending only about one-third of the width of the glabell~. 

Occipital ring broad, round on the surface and projecting somewhat 
beyond the sides of the glabella at the dorsal furrows. Dorsal· fur­
rows very distinct, and continued with equal strength in front of the 
glabella. Anterior limb of moderate width, though considerably' ex­
ceeding that of the occipital ring. Fixed cheek rather narrow, not 
very prominent. Eye lobes wider than the fixed cheeks above and 
below and convex on· their surfaces, the channel~·bordering the eye 
narrow and deep. Postel'ior limbs long and narrow, the occipital fur­
row strongly marked along their surfaces. From the dorsal fnrrows, 
at the antero-lateral angles of the glabella, .small furrows cross the 
fixed cheeks in an obliquely upward direction, separating the fixed 
·cheeks from the frontal rim. 
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The movable cheeks are elongate, snbtriangular in form, with a 
·gently convex surface; the ocular rim is large and the outer margin 
strong and thickened and is extended backwards from the genal angle 
into long, round spines, which reach to the extremity of the sixth 
thoracic segment. . 

Thorax composed of ten segments, which gradually decrease in size 
from in front backward. Axial and lateral lobes subequal in width, 
th~ pleura strongly recurved and pointed at their extremities, and 
longitudinally divided by an oblique furro'Y which rises near the 
upper edge at the· dorsal furrow and terminates below the middle on 
the outer flattened o.r free portion. Axial lobes of the segments · 
marked at their outer ends by broad bosses or tuhercles . 

. Pygidium transverse and broadly elliptical with a strong central 
axis, which is. marked by four elevated rings, exclusive of the large 
terminal one; lateral lobes marked by four ribs each, which are deeply 
divided by longitudinal furrows, all of which terminate considerably 
within the margin of the plate. -

The ·surface of the cheek plate within the marginal rim, the axial 
lobes of the thoracic segments and· the primary divisl.ons of the 
pleura, as well as the corresponding parts of the pygidium are thickly 
coverE-d with raised, rounded granules of rnoderate size, giving a dis­
tinctly verrucose surface to these parts of the crust. The occipital 
ring and the space between the furrows on the sides of the glabella 
also show indications of the same structure, though much less dis­
tinctly than the other parts of the body. (The specimen shows evi­
dence of recent abrasion, and in several places has been scraped with 
a knife or other sharp instrument, enough to have destroyed such 
ornamentation, had it existed; but the grannies have been much less 
distinct than on the other parts.) 

The specim.ens from which the above description is drawn consist 
of an isolated glabella. and fixed cheeks very nearly perfect, and an 
individual in which the pygidium, thorax and the left movable cheek 
are preserv·ed intact and quite complete; the central plate of the head 
and right movable cheek only being absent, thu~:~ making perhaps the 
most complete individual of a .Dikellocephalus yet obtained in this 
country. 

The principal point of distinction between this species and IJ. pep­
inensis rests in the granulose surface structure. I have examined a 
large number of sepa1;ated glabellas, movable cheeks and pygidia from 
La Grange mountain, Minn., Owen~s typical locality for his species, 
and from Mazomanie, Wis., but have not been able to detect on any of 
them the slightest indication of this granulose structure. Other points 
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of distinction may be fonnd in the structure of the central plate and 
glabella. The anterior or third pair of furrows are not at all discern­
ible, and the second pair are slightly nearer the anterior end of the 
glabella. The fixed cheeks are a little wider, and the furrows passing 
from the anterior angles of the glabella a¢ross the fixed cheeks is a 
feature not possessed by the glabellas from the other localities. The 
movable cheeks are proportionally longet·, and the spines of the pos_ 
terior angles rriore slende.r, but not nearly so long as in the .D. pepin­
ensi8. The pygidium is very similar to that_of Owen's species; but is 
quite _perceptibly broader in proportion to its length. , . 

It may be possible that the glabella and:.fi~ed cheeks above described 
do not belohg t6 this species; but so far as I am ~ware, it IS the only 
form of these parts "fomid associated at the locality, not already de­
termined. The fact that there are so few granules on its surface, and 
those quite obsr.ure, while.the movable cheek and other parts found in 
juxtaposition are so thickly covered, is rather an evidence against their 
union. At the same time, there is another form of movable cheek, 
possessing a very similar facial suture; in that respect corresponding' 
as nearly to the glabella in question as the one associated with the 
thorax and pygidinm; but it has a much broader marginal border.and 
strong, broad spine, while the broader occipital ring would require a 
wider and stronger lateral posterior limb than that of this glabella. 
It has therefore been thought best to consider it as of a distinct spe­
cies and to place the glabella with this speci€ls until evidence to the 
contt;ary is obtained. 

The example of this species retaining the parts in position will serve 
to throw more light on the characters of the genus .Dikellooeplwlus 
than has been hitherto.possessed, especially in regard to the number 
of segments composing the thorax, which are stated by Dr. Owen un­
der the original description as probably eight. The position of the 
fixed cheek and pygidinm in this specimen leaves no doubt whatever 
of the number in this species being ten, and ten on.Iy; at least at this 
stage of development; while it may be possible that some species may 
have had but eight. · 

Formation and lo~Jality. In the upper pa1t of the Potsdam formation at· Prairie du 
Sac, Wis., found and presented by R. E. Stone, Esq., of that place. 
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DrKELLOCEPHALus CRASSIMARGIN.A.Tus, n •. sp. 

Plate XXVII. Fig. 14. . 
DilcellocephaJus Pepinensis.? Hall; 16th Rept. State Cab. N.Y., pl. 11, Explanation 

Fig. 2. 

The movable cheek, for which the above name is proposed, is usually 
nearly as wide from the lower angle of the ocular sinus, as the length 
from the line of the posterior occipital margin to the fi'ontal projec­
tion of the marginal rim; which gives the plate a much greater width 
than is the case of that found with the body of JJ. Lodensis. The 
marginal rim is al~o very wide and heavy in appearance, being fully . 
one-fourth of an inch inthe widest part of the specimen figured. The 
spine at the posterior angle is about as long as the body of the plate; 
is very wide at its origin and tapers rapidly to the point. Ocular 
sinus large; occipital ring, as shown on the plate, proportionately 
broad and convex. The line of the facial suture is very similar to that 
of .D. Lodensis, differing only in the greater distance across the 
occipital ring. · 

The specimen figured in the 16th Rept. State Cab. N. Y. loo. oit. 
was referred with doubt to .D. Pepinens1~s, being associated with that 
species at La Grange Mountain, Minn., but it is evidently not of the 
.same species as the common form found in those beds and associated 
with the glabellas and pygidia of that species; nor is there an,y other 
part yet known tha.t can with satisfaction be classed with it. But as 
it is apparently not of extremely rare occurrence, I have thought it 
best to treat it so that it may be spoken of and referred to in a definite 
manner. The surface of the cheek near the ocular sinus is marked by 
faint w:av:y lines in curves, nearly parallel to the· border of the sinus. 

·. LrNGULELLA SToNEANA, n. sp. 

Plate XXVII. Figs. 6 and 7. 

Lingula aU1·ora var. Hall; 16th Rept. State Cab. N. Y., p. 127, pl. 6, Figs. 6-8. 

Associated .. with th~ above two spec.ies of IJikellooephal~ts on the 
same blocks are ·imp~·essions of the L~Z:ng~della which was published 
in the 16th Rept. State Cab. under the name Lingula aurora var. re­
taining all the peculiarities of the specimens from Mazomanie which 
led to their identification as a variety. Their persistence in specimens 
ft·om other localities would see~ to give them sufficient weight to be 
considered as of specific importance. I therefore propose· to recognize 
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it as S~lCh nnde~ the above name given .in honor"of R. E. StOiic, Esq., 
the discoverer of the specir11:ens of .Dikello'cephaZus above described. 

The peculiar surface ornamentation of this species seems to be one 
that characterizes many forms of this genus' in the primordial forma­
tions. It is caused by a series of concentric lines which cross the 
shell in a direction different from the ordinary lines of growth, some­
times assuming a nearly opposite direction; and are consequently an 
independent feature depending on a series of changes in the mantle of 
the animal during the formation of the shell; as in the case of Lucina 
divaricata and many other forms of Lamellibranchiate shells. 

GkNus J.JINGULA, Brey. 

LINGULA };LuERr, n. sp. 

Plate XXVII. Figs. 1-5. 

Shell oblong and subqnadrangnlar in outline, with nearly or quite 
parallel lateral margins, which are but very slightly· curved; anterior' 
and postet·ior extremities snbequal, the upper end being slightly arigu­
lar at the apex and on the shonlder8, while the front or anterior end is 
broadly rounded. Valves rather strongly .. convex, the dorsal or shorter 
valve being a little the most convex and the valve· as shown by the cast 
frequently marked by a slight flattening, or even by a depressed longi­
t!ldinalline along the middle of the front half. Surface of the shell, 
as seen on fragments adhe1·ing to the· casts, nearly smooth, being 
marked only by fine concentric lines of growth; and its shbstance 
thick. 

The interior of the sheli of this species as shown by the inte1·nal 
casts appears to correspond more nearly· to that of the recent forms of 
the genus than any other Silul'ian or Devonia·n ·species ·I have ever ex~ 
amined. ·rn fact the muscular scars and. vasc~1lar lines would seem to 
correspond exactly with those of L. ana tina' Lam., as given by Allany 
IIancock, Esq., in his excellent memoir published i'n the Phil. Trans. 
1858, so far as the different elements of the ·scars can be de-

. tected. Of course there are variations in· the position of different scars 
and somewhat in· the lines of the pallial ·sin· uses,· and 'vascular ramifi­
cati_ons, but not· more so than o·ne wouid expect to ·find in different 
sp~cies of the same genus. ·An the muscles have left their imprint on 
the internal casts in a reiuarkablc m~nner, even the pallial sinuses with 
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their interior and exterior ramifications are shown, .and even their pos­
terior prolongations with their ramifications are shown, o·n the dorsal 
side of two individuals. · 

I have not been able to trace all of the elements of the muscular 
system, nor to detect the divisions between those forming the larger 
s.cars; some of which in the recent forms are seen to be composed of 
three or four elements; but where they are impressed on the shell and 
leave the trace of their advance over. its surface in the process of 
growth, this would scarcely be possible in the fossil. 

In the dorsal valve the impression of the pallial sinuses (p s) are 
deeply marked and are widely separated, leaving the area within them 
very considerable; the central o.r inner ramifications (1) are very dis­
tinct, and the outer ones also for a short distance f1·om the. main 
branches, while the posterior branches show the lateral ramifications 
(2) only on the outer side. The divaricator muscular scar of the do1·sal 
valve (d) is very large and curved forw~rd at the sides, being situated 

. well bacl{ near the apex of the valve. It cannot be positively traced 
on the. ventral side, most of the specimens being imperfect at this 
voint. The anterior adductor scars (a a) are small and situated near 
the center of. the valve, while the posterior abductors (p a) are large 
and situated outside of and postel'i9r to them so as to inclose their pos­
terior ends. The adjustor muscles (a d) are distant from each other, 
and placed jnst within the posterior third of the length of the shell. 
Two elements can be detected in each scar on some individuals, but 
tbey are usually obscrire. 

On the vent!·al valve the lines of the pallial sinuses are nearer 
together on the anter·ior half of the shell than on the dorsal~ the same 
as shown in L .. anatina, but spread ont rapidly toward the middle, 
and, on the poster·ior half, occn py nearly the same relative position as 
on the other side .. Near the center of the valve are seen a pair of large 
scat·s (p a), which have advanced from behind their track, forming a 
strong feature on the cast, as it originates just in front of the position 
of the divaricator muscular scar (d), and gradually widens as it advances 
until it oc.cnpies fully one-half of the width of the cast near the mid­
dle of its length. In the central line of these scars there is an ele­
vated ridge, which terminates in a slightly prolonged ;.tongue, and 
seems to represent the central adjustors (c a). The large .scars outside 
of these are probably the posterior addnctors and external adjustors 
combined. Posterior to these and distant from the median line are· 
other scars, which are long and narrow, which have also left their track 
as they have advanced. Two elements are represented on each side, 
~nd mark the place of tho posterior adjustors and anterior adductors 
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(p a and a~). Between the lines formed. by the adva~ce of the 
scars of the adjustor muscles and those of the central area, on eac}l 
valve, there is a narrow smooth impressed space, which unites with 
the line of the pallial sinuses at the junction of the anterior and pos­
terior· branches, seen on all the specimens, and for which I have not 
been able to satisfactorily account, as it lies within the area of the 
muscnlat· scar, and consequently within the walls of the perivisceral 
chamber. The area of attachment of the muscular walls of the peri­
visceral chamber has not been detected, ~mless it be c01hbined with . 
the scar of the posterior branches of ·the pallial sinuses~ which really 
seems to be the case. If this is so, the posterior branches of the sinuses 
can have had ramifications .on but one side instead of on both, as 

·. in the case of L. anatina. This wonld he a marked specific but not 
a generic character. 

It has been thought and argned by many persons that the genus 
Lingula, as represented by L. anatina Lam., was not represented in 
the older Palrnozoic rocks, if in any of the rocks of that age, and for 
this reason there has been a disposition to class all the Linguloid 
shells of that age under other generic names, bnt the beautifully pre­
served markings of these casts, I think, have proved beyond doubt that 
we have it represented in the Trenton period by at least one unques­
tionable species. 

Formation and locality. In the Trenton limestone ("buff limestone"). The speci­
mens figured were presented to me several years since by Dr. Elder, formerly of New 
York city, who collected them near Rochester, Minnesota. I have also received speci­
·mens from Mr .. N. S. Ainslie, of that place, ·and have collected several. imperfect 
specimens ncar Beloit, Wisconsin. 

GENus DINOBOLUS, Hall. 

DINOBOLus P.ARvus, n. sp. 

Pla~~ XXVII. Figs. 8-10. 

Shell, as represented by the internal cast,· the only condition under 
which the species has been observed, small, subcircnlar in outline and 
lenticular in profile, the dorsal valve beirig considerably more c~nvex 
than the ventral, and both valves the most ventricose in the upper 
part. In the cast the dorsal valve is characterized by a proportionally 
large depressed area of. a broadly ovate· form, extP.nding from the upper 
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portion to below the middle of· the length, most deeply su1;1ken to war<;! 
~he front, where it is slightly prolonged in a rounded tongue-like exten­
sion, and along the middle of the area a slightly raised and rounded 
ridge is distinctly shown. Indications ·of separate· muscular scars are 
seen· in the upper part of the area. A similar depressed area of a 
snbtriangular form represents the scars in the ventr.al'valve, and occu­
pies nearly the upper half of the length and is as wide across 
the base as the length; from the lower central por_tion. a broad, 
shallow, rounded groove extends to the front of the cast; and 
a narrow ·slit marks the center of the impression. In a cardinal 
view the peduncular groove is shown to have been large and the. 
cardinal process of considerable strength. Other muscular scars not 
visible; surface shown to have been strongly marked with concentric 
undulations. The characterizing marks of the species are the small 
size and the groove extending f~om the base of the muscular scar of 
the ventral valve to the front border. 

Formation and locality. In the Galena or lead-bearing limestone layers at White­
water, Wisconsin. 

.· ·· · GENus HOLOPEA; Han.· 

HoLorEA OBESA, n. sp. 

Plate XXVII. Fig. 11. 

Shell large, robust, extremely ventricose and natica-like; with strongly 
rounded, almost inflated volutions, about .five in number, the last one 
of which forms more than one-half the entire height of the shell, and 
expan~s very rapidly. Height of the shell about equal to the greatest 
diameter across the body whorl; giving an apical angle of about 
ninety degrees. Suture line very distinct, and in the cast deep and 
stroncrlv marked, leaving the volntion dietinctly rounded on the sum-

o., 

mit. Base of the last volntion round and the shell deeply umbili-
cated. The aperture has been broadly ovate and distinctly modified 
by the intrusion of the preceding volution. The surface of the shell 
has been marked by strong irregular growth lines, which have a strong 
backward direction in crossing from the "'suture to the base of the 
volntion. There are also slight evidences of the existence of faint 
revolving lines on the body of the last volution. 

The species is one of a group ?f large forms of, the genus, character. 
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izing the horizon of the Calciferous sandstone or Lower Magnesian 
limestone formation, which appear to have very close affinities with 
~ach other. The present species is most nearly allied to H. turgida 
( =Ple,urotomaria tu'rgida, Hall, Pal. N.Y., Vol. I, pl. 12, p: 3, figs .. 9 
and 10), from which it differs in the more erect form and less obliquity 
of the volutions, as well as in the more elevated spire. I should ii1fer 
from the description given in Pal. Foas. Can. Vol. I p. 28 of H. 
P'roserpina, Billings, that there was great similarity between it and 
New York species, the principal points of difference being in the 
proportions of height and breadth. H. ovalis, Bill., Zoe. cit., p. 351, 
fig. 2, is more. elongated than this one and the volutions ]ei;S ventri­
cose; while 11. Hageriof the same work, p. 29, fig: 27, has mrich the 
same forni, but the upper volutions are flattened in the dit·ection of 
the spire. 

Formation and locality. The specimen in our possession, and from which the d&.­
script~,m is taken, is an imperfect internal cast in white chert, stained by iron. It was 
found loose at River Falls, Wisconsin. Its characters are the same as those of 'the 
loose cherty nodules of the Lower Magnesian limestones commonly found in the drift 
material of that part of the state. 

NoTE A.-In Vol. 5 of the Pa.looontology of New York (dated December 15, 1879, 
distributed in December, 1880, see Am. Jour. Sci., Vol. XX, p. 439), at page 139, there 
occur some rema.rln, by the author, on the limestones at the Falls of the Ohio, and their 
relations to the Hamilton Group of New York. By reading these remarks one would 
be led to infer that the discovery that the limestones near Milwaukee are of the age of 
the Hamilton Group of New York, is there for the first time recognized. This very 
erroneous·iclea may be readily corrected by reference to the Repoi·t on the Geol. Survey 

. of Wisconsin for the years 187:3 to 1877, pp. 79 and 85; but is more satisfactorily ex­
plained on p. 395, where Prof. T. C. Chamberlin has a chapter on the "HAMILTON 

. CEMENT RocK." On page :397 and succeeding pages, lists of the fossils from these 
beds, as recognized by myself in the collP.ctions of the survey at Beloit CollC'ge in 1877, 
are given, which show positively what age the beds belong to, and were positively 
recognized as, at that time. For the authority for the lists, see p. 262 of the same re-
port under the head of "Organic Remains." B.. ·P. W. 
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. 
GENERAL LIST OF THE FOSSILS 

Recogntzed witldn the state, including those clescn'bed in tMs 'IJolume ,· and showing the 
. fiwmatz'ons in wltich they occur. 
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Palreochordia, sp. undet .· .•. ;.......... * ....... ~ ................... . 
Phytopsis tubulosa, Hall • . • • • • • • . • • • • . . . . . • • • . * 
Cruziana, sp. und . . . . . . . . . . . . . . . • . • • • • * . . . . * * 
Palreophychus crespitosum, HalL...... .. .. .. . . • .... ·::: :::: :::: :::: :::: 
P. duplex, Hall? ... f................... : ........... : ................... . 
P. pltunosus; Wh1t •..••••••.•. , .•• ·•. . • . . . . • • . • • . . . . . .•......•••.••. 
P. sin1plcx, flail. ...•.•• ~............. * . . . . . . . . . . . . . . . . . . . .. ......... . 
P. tubularis, Hall ....... ;,........... * . .. . . . . . . . . . . . . . . . . . . . . . . .. 
P. sp. unclet ..... :.. .· ... ~ . . . . • . . . . . . . . . * . . . . (· * ............. : .. . 
Buthotrephis gmcilis, .Hall............ . . . . . . . . * .. 
B. succulcns, Hall . .. . .. . . .. • ......... ·.. . .. . * · * :::. :::: :::: :::: :::. 
B. sp. undet .......•...... , • • • . . • • • • . . . • • . . . . . * * * ........... . 
Fucuids .. gen. and sp. undet............ . • . • * ........................... . 
Sphenothallus, sp. un_det......... ..• • • • . .. . . . • • . . . . . . • • . . . . . . . . . . • . * 

PROTOZOA. 

PETROSPONGIA. 

Astylospongia, sp. undet ..................... .. * * Stromatupora concentrica, Go1df .••.••...•..... 
S. sp. undet.......................... * 

FORAl\IENIFERA. 

* 
* 

Receptaculites globularis, Hall . . . .. .. . . .. . . . • . . • • . ·· .................... . 
R. he1nisphericus, Ifall............... . . . . . . . . .. . . . . . . . . . . * .......... . 

. R. infundilmliformis, Hall .. . • • • • .. . . . .. . . .. .. .. .. . . * . .. . ..... . 
R. Inwensis, Oweu ....••.••..•••.•... : . * ........... . 
R. Oweni, Hall...................... . •• . * ........... . 
Ceryonites dactyloides, Owen's sp.. • • • . . • • • . • • . * ........... . 

RADIATA. 

ZOOPHYTA. 

ALCYONARIA. (Graptol1.'tz'dm.) 

Oldhamia? sp. undis.................. . .. * 
Buthograptus laxus, Hall.............. . . • . . • • . * 
Dendrograptns Hallianus, Prout • . • • • . * ...... . 
Dictyonema Neenah, Hall. . . . . . . • • . . . . . • • . . • • . * 
Diplogntptus Peosta, Ha.ll . . • • • • • • . • • . . • . . • • . * 
Climacograptus typicalis, Hall? ••...........••..•• 
C. sp. undet ............................ · .••. :· ••. 
Graptolitic bodies,. gen. and sp. unclet. ....•. '· ... ' * 

... • .................... . 

.... ... .... .... ..... .... ....................... ........................ 
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* 
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* ................ . 
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Chretetes atritns. Nich ..•.••••••••••••.•••.••...•. 
C. bdareus, Nich ............................... : .• 
C. discoideus, James ............. ,... • .. . * * 
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* C. fusifonnis, Whitf ............................. . 

0. Jatnesi. Nich ......................... ··~ .... . * 
C. lycoperclon, Say? . . • • • . • • . . . • • . • • . . . . . . . . . * 
C. pulchellus, Nich........... •• ... • . ... . . • .. * 
C. sp. undet....... . . . . • .. . . .. . • • . • • . . . • . . . . * 

* * 
* 

Manticulipora Dalei. Ed. & H......... . ... .. .. * 
:1\'I. 1nanunalata, D'Orb.............. . • • . . • • . . • • . . . . . * 
M. multituberculata, WhiLf ..•....•••...•..• •. • • • . . • • . * 
M. Ortoni, Nich ..•••.•••..••••••• , ••..•. · • •. • • • • . • • . * 
M. pavonia, D'Orb................... . • • . . • • . . • • . . • • • * 
M. punctat.a, Whitf . . . . • . • • • • • • • . • • . . • • • . . • .. . • • . . . . * 
M. rectangularis, Whitf. .•• , • ••• ,... . • • • . • • • . • . . . . • . * 
M. ratnosa, D'Orb ...•••••••••••••••••••.. • · · . . • . . • • . * 
M. .rugosa, Ed. & H. . . . . • . • • • • • • • . • • . . .•.. • • . . • . . • • . * 
M. sp. undet.. . . . . . . . . . . • . • • • • • • • • • • • • • • • . • • . . • • . . • • * 
Dekayn. aspera? Eel. & H............. . . .. .. . . .. .. * 
Favositcs fa vosus, Gold ............................... . 
F. Got.hlandicus, GcJld.? ................................. . 
F. Niagarensis ......................................... . 
F. accidens,. Whitf. ....••..••••••.•••.•••..•..••..••..... 
F. sp. unclet............. . . . . • • .. • • . . • • . . • • . * .... 
Astrocerium con strictum, Hall .••••.••.••••.• · .••..••..••. 
A. venustntn, Hall.................... . . . . . . . . . ....... . 
Coltunnuria alv~olata, Gold............ .. .. .. .. * ....... . 
U. sp. uucleL......................... . . • . . . . . * ... . 
Alveolites irregularis, Whitf........... . • • . . . • . . • • . . • • • * 
A. sp. unclet ......................... •.. . . • . . . . . . . . * 
Cladopora reticulata, Hall. .................... • ...... . 
C. reticulata? with finer cells ........................ . 
0. sp. undet' ...............•.•••..••..•••.••..•• : •.. 
Helinlites mucros tv Ius, Hall. . . . • • • • • • • . . • . . • • . . • • . .•. 

·H. pyrifot·mis, Gilttard ? ............................. . 
H. spinopora, [fall .....•...••••••••••..•..••...•...••.... 
Halysites agglomeratus, Hall. . . . . • • • • . . • • • . • • . . • • • . • . . . •. 
H. catenuiatuR, Linn ................................. , ••• 
H. c. var. labyrinthicus, Goldf ...••..••.••••..•..••..••. 
H. c. var. micropora, 'Whitf......... • • . . ......... . 
Thecia tninor, ll.onlinger .....•..••.....•.• • ••.•••..•...•. 
T. nu1jor, Ron1ing;er.. . . . . . . . . . • • . . . . . • • . . • • • . • • . •••.... 
Camites lunatus, Nich. & Hinds .......................... . 

ZO.h.N'l'HARIA-RUGOSA. 

Syringopora compacta, Billings .••......••..••..•••.••..•.. 
S. Daltnani, Billings ................................... . 
S. retifol'lnis, Billings . . . • • • • . • • . . . • . . . . • •.......•..... 
H. vcrticillatu, Goldf. .................••..••..••..••..••. 
Diphiphyllum cregpitosum, Hall....... .. .. . .. .. .......... 
D. sp. undet. .......•... · .......•.•.••..•....•..•.......••. 
Eridophyllum, sp. undet........... . . . . . . . ....••..... 

. Cystostylus infundibulus, Whitf ...................... .. 
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ZOANTHARIA-RUGOSA- COn. 

Cystostylus typicus .......•..•••••••... 
Strom bodes pentagon us, Goldf ..•••.••. 
S. sp. undet.......... . ........... . 
Zaphrentis, sp. resemb. Z. gigantea ...•.. 
Z. (Polydilasma) turbinuta, Hall sp .... 
Z. Hacinensis "Whitt' ....•.••.•••..••.. 
Z. Sp. lliH.lCt.... , ....•• • • .•• •, •• • ••• 
Amplexus annulatus, Whitf ...•••••••.. 
A. fenestratm, "\Vhitf ................. . 

* 

A. Shu mardi, Ed. & H............... . . . .. ...... 
A. sp. undet ..•••.....••..••••••••••.. 
Om phyma stokesi, Ed. & H.,? ...•.•.••. 
Anlacophyllum, sp. undet. ........... . 

* 

* ....... . 
* * 
* 
* * ....... . 
* 
* * * 

* 

C}atlwxon ia "\Visconsensis, Whit f .••... 
Chonophy II um magn ificum, Bill ....••. 

* 
* 
* 
* 
* 
* ........... 

C. Nia.gareusis, Hall •......••.•••••• 
(). sp. uudet. ...•..............•••.••• 
Cystiphyllum Niagarense, Hall. •••.•••. 
C. Niagarense? ................... . 
Cyathophyllum. sp. undet ....•••••••.. 
Streptelasma calycnlum, Hall ... ~~ •.... 
S. coruiculum Hall .................. . 
S. multilamellosum, Hall.. •••••••••. 
S. profunclum, Conrad ............... . 
r-. sp. unclet.. • .................... . 
Calce Jla? sp.? ..............••..•..... 

ECHINODEHMATA. 

CYST IDEA. 

.· ...... . 

* * 
* 

* 
* * 
* 

..... ..... 
* 
* 
* 
,.. 

... , .. 
* * 

* ....... . 

* 

• .... .... 
.... .. . . 
... . ... 

.... .... .... .... . .. 
.... ... .... 

Pleurocystitcs squamosus, Bill. . • • • . • • . * ........ , ........... . 
Glyptocystites LtJg:mi, Bill............ * . o •••••• 

Holocyst ites abnormis, Hall ... o. o o..... • o o. . • • . * 
H. altet·natus, Hall................... .. . . . . . . . . . . * .. o ••••• 

H. cvlindricu~. Hall.................. .. . . . • • • . . . . * ..... o o •••• 

H. o\ratns, Hall. . . ..••••.• o • • • • • • • • • • • • • • • • • • • • • • • • • o. • * . . . . . . . . , .. 
H. scutellatns, llnll. .......... o...... . ... o.. . . . . * ........... . 
H. Winchclli, Hall. ..................... o. • • • • .. • • * ..... o ••• o •• 

Gon1phocystitcs clavus, Hall............ . • • . . • • • . • • . . • • . .. • . * ...... • .... . 
G. glans, flail. .....•.......•..• o..... . . • . . . . . * ..... o ....•. 
Echinocystites nodosus, Hall.......... . . . . . • • . . • • . . • • . . . . . * ........... . 
Crinocvstites ornatus, Hall ..• o ... o..... . . . . . . . . . . . . . . . . • • . * ........... . 
C. sp:? ....................... : . • . ..• • . . • . . • • • . • . . . • • . . • • . * ........... . 
Hemicosmitcs subglobosus, Hall •• o.... * ............. . 
Apiocystites imago, Hall.. .. .. .. • . .. .. * .......... .. 
A. sp. undet .•••.••••••.•.••• ~....... . • • . . • . . * ......... o •••••••••• 

CRINOIDEA. 

Crvptocliscns sp. ? .••••.•• o• ••••. o ......................... . 

Pl;l.tycl'inus sp. undet.............. . ................... . 
Saccocrinus Christyi, ~all. •••• ~ ......................... .. 

* ........... . 
* ........... . 
• 
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Saccocrinus semiradiatus, Hall •..••••...•..•• -.........•• 
Metocrinus verneuilf, Troost........... . . • . . • • • . •..... 

. Euca1yptocrinus crelatus, Hall .•••••••..•••.••..••...••.. 
E. cornutus, Hall . . . . . . . • . . . . . . • • . • • . .-••.••..•••.••. 
E. cornutus, var. excavatus, Hall...... . . • . . • • • • ••.••. 
E. crassus, Hall . . . . . . • • • • • • • • • • • • • • . . • • . . • • . •••.•• 
E. <'bconicus, Hall.. . . • • • • • • • • • • • • • • . • ••.••..•••.••. 
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E. ornatus, fiall ..••••• ~ .•••••••••••..•••.••...•..••..•• ·. 
E. sp. undet· ............................................. .. 
Macrostylocrinus striatus, Hall ••••••••..•..•.•.•••..•••••• 
Caryocrinus ornatus, Say .•.••••••••••..••...•..•••.•• ; .••• 
Cyatl~o~rinu~ Cc~ra, Hall ....••••••••••......••...•...•...•. 
C. pistfornliS, T.cetncr ............................... . 
C. Waucotna, Hall ...••• ~ .••••••••..••..•...••..••. 
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... .... . ... .. .. C. sp. ? . . • • • . . • • . • • •.• • • • • • • •• • • • • • • . · * 

Poteriocririus, sp. unclet ..•.•••.•••.•• · . • • • . • . . * * ................... . 
Schizocrinus noclosus, Hall............ . . • . . • • . *- * 
Hotnocrinus, ~p. unclet .••.•••. :. . • • . • ·* · · * ................... . 
Rhodocrinus rectus, Hall . • . • • • . • • • . • • . . • • • . • • • • • • • -. ·• .· . . . . * ............ . 
Glyptaster occiclentalis, Hall ......................... -.-. . .. . * . .. . .. .... . 
G. pentangu1aris, Hall . . . . . • • . • • . • • • . ~ ·•• • • • • • • • • • • • . . • • * ........... . 
Glyptocrinus armosus, McChes. sp .•••..••..•• -..• •. . . • . . . . * .........••. 
G. nobilis, H?.ll., .................................. ·•.. . . • . *· * . . . . .. ·. 
Lampterocrinus inflatus, Hall.......... .. .. .. . • .. • . .. .. * 
Ictbyocrinus snbangularis, Hall........ . . • . . . • . . • . . • • . . . . . * 
Lichenocrinus, sp. ? . • • • • . • • • • • • • • • • • • • • • . • • • • • • • • • • • * ....... . 
Stephanocrinusgemmiformis, Hall •• -... . ••• . •• . . . . •• . . . . . * · ....... . 

1\IOLLUSCA. 

MOLLUSCOIDEA. 

BRYOZ04.. 

Alecto inflata, Hall.................... . • • • • • • • . . • * ............... . 
Aulopora ( ?) arachnoidea, Hall ........ ~... . .. • . .... * ....... . 
Pa1reschara, sp. uncles . . . . . . . • • • • • • . • . . . . . . . • • . .. . • . . • • . * 
Lichenalia concentrica, Hall........... . . • • • • • . . • •.• • • • . . • • . * 
~agenclla membranacea, Hall.......... . • • • . • • • . • • . • • • . * 
S. sp. ? .••••••••••••••••••••••••••• • • • • • • • • • • • • • • · * · · · · · · · · · · · · 
Cornulites.Iike tubes .. .. .. .. . . .. ... .. • . .. • • .. • ~ ... · 
Constellaria polystomella, Nich........ . • • • • • • • . • • . . • • . * : •.............. 
Clatbropora flabellata, Hall........... . . • . . • • . . • • . . • ... * ........... . 
Fenestella elcgnns, Hall • . • • • • • • • • • • • • • . • . • . . .. . • • • • . • • . * ........... . 
F.. granulosa, Whitf ................................ -• .-. · * . .-. . . . . . . . . * 
F. sp. undet... . . . . . . . . • • • • . • • • • • • . • • . . • • . . • . . • . • . . . • • * ........... . 
Polypora incepta, Hall .•••.•••.•••••••.••..•••.••..••..• ; . * 
Rctopora, sp. undes.... • •• , • • • • • • • • • • . . • . . . • . . . . . . • • • . ••..••. 
R. sp. unclet . . . • . . . • • ; • • • • • • • • • • • • • . . • • • . • . • * . . . . * * 
Ptilodictya recta, Hall................. . • .. .. .. * * '' ....... 
Stict?PO!~ elef?antula, Hall ................ -.... * · * * .. · ..... • ...... .. 
P. sp. undet .......•......•••••••.••...•..•• ·1· * · * 
S. fragJlls, Btll ................................. ,. -* . . • . • ......... . 
S. ramosa, Hall . ......•••........ , . . . . . • . . • • . * . . . . . • . . . . . . ......• 

VoL. IV.-23 
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BRYOZOA- COD. 

Stictopora sp. undet................... . • • • * * 
Helopora sp. undet .................................. ~ .. 
Fistulipara lens, Whitf .•••••••• _ .................... .. 
]'. rn.g-osa, Whitf ....•.•••••••••••••••.•.•.••..•...... 
F. solldissitna, Whitf ..•••••••••••.••..•••..•...•..••. 
F. sp. undes. . . . . . . . • . . . . . • . • • • • • ••..•• • 
Trematopora, annulitera, Whitf ............ . 
T .. grauulata, Whitf.................. . . . . .. · .... • 
T. sp.?................. • •• • • • • • • • • • . • • • * * 

BRACHIOPODA. 
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* 
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:Lingula ampla, Hall . • . • • • • • • • • • • • • • • • * ............... . 
L. a.t.tenuata, Hall. •••••••••••.••• ·•••• . • • . . • • . · * 
L. Maquoketa ....•••••••••••••••.•...••...•...•. 
L. mosia, Hall...................... * 
L. quadrata, Eichwald ?.. . . .. . • • .. •• . .. . . . . . . * 
L. obtusa, Hall .........••••••••••.••..••.••• : * 
L. pal::eaforn1is, Hall.; •••. : •••••••••..••..••..••. 

* 

L. Winona. . . . . . • . . • . • • • • • • • • • • • • • • • * ........ ; .. . 

* 
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'"' d ee Q) 
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bl) '8 ~ Qj ~~ 
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........ ····· ···-
* . .. · .... 

L. sp. uncles......................... . . . . . • • . . • . * ................... . 
Lingnlella aurora, Hall................ * .. .; . 
L. aurora var., Hall . . . • • • • . • . • • • • • • •.• * 
L·. lo\vensis, 0 wen ...••••..••••••••••.••. 
~ingulcpis pinnaformis, Owen sp...... * 

",;-· 

· Discina inntilis, Hall.................. * ........... . 
D. ma.rginalis, Whitf. ....................... . 
Trematis sp. undet . . . • . . • • • • • • • • • • . • • • . • • • . • • . * * ... 
Sehizocrania filosa, Hall sp... •• • • •• • • • . • • . * 
Obolella polita, Hall................. * 
Pholidc)_ps.ti·uncata, Hall . • • • • • • • • • . • . . . • • . * 
Crania antiqua,. Hall . . . • • • . • • • • • . • . . . . . . . * 
C. scabiosa, Hall.'.................... . . . . * ·, .. . 
C. sp. undes......................... . • • . . . • . * ....... . 
Dinobolus Conradi, Hall ••.••• ~........................ * 
Monomerella prisca, Bill ..••• , ••••.••..••...•..•.. 
M. sp. undet ...................... .'. . •.• . • • . . . . . * ....... . 
Trimerella grand is, Bill............... . .. . .. • • .. •• * 
Orthis bellarugosa,-Hall. • . • ••• • • •• • • • . • • . .. • . * * 

* 

0. biloba, Linn.............. • • • . • • • . • • . • • . . • • . . • • . • . • . * ....... . 
0. borealis, Bill .. . . • • • • • • • • . • • • • • • • • . • . . . • • . * 

* 

0. disparalis, Conrad • • • •• • • •• • • • . • • • . • • . • • . * ............... . 
0. elegantula, Dalman • . • • • • • • . • • • • • • • • • . • • . . . • . . • • . . • • . * * ....... . 
0. Ella, Hall . . . . • • • • • • • • • . • • • • • • • • • • • * 
0. equivalv:is, Conrad . • • • . • • • • • • • • • . . . • • . . • • . * 
0. fiabellula. Sowerby .••.•••••••••••..••..••...•. 
0. hybrida,Daln111n ...••••••••••.••••••••..•..•••.••. 
0. itnpt·essa, I-I all .................................. . 
0. Kanknkcnsis, McChes....... •• • • • . • • . • • • • . . . . .. .. * ...... . 

* ................... . 
* * . . . . . . . . ... ..... * 

0: lynx, Eieh . . . . • • • . • • . . • • • . • • • . • • • . • • • . • •.. * * * ........... . 
0. oblata, Hall ............ :. .. . • • . • . • . • • . . • • . . . • . . . • . * .. . 
0 occidental is, Hall.. • • • . • • • • • • .. • • . . . . . ••. * ............... . 
0. pectinella, Conrad . • • • • • • • • • • . • • • • . . .. . . • • • * * 1: •••• •.••• •••• 
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BRACIIlOPODA- con. 

Orthis plicatella, Hall .............. ~.. . .. . . . .. * 
0. perveta, Conrad .••••••••••••••• ~ •.. •.. . . • • . * * * ................... . ................. , ... 0. Pep ina, Hall .............. :........ * 
0. su_bcarinata, Hall • • • • • • • • . • • • • . • • . . • • . . • • • . . . . . . • . . • • • . • • . . • . . * ... . 
O· subequata, Corirad ...................... ·•. * ...................... · · 
0. subqnaclrata, Hall. .................... ·. .. • . * * · ........... . 
0. testudinaria, Dalman .•••••.• , ••• , . • • . . • • . * * • . . . . . ........ ·. 
0. triceuaria, Conrad • • • • . • • • . • • . . . • . • • . . • • . * * * . . . . . . . . . . . . . •. 
0. sp. undet . . . • . . . • • • • • • . . • . . • • • . • • . . • • . • • . * * * * 
Hemipronites Americana, Whitf. • .... .. • • . • .. * ................... . 
Streptorbynchus Cardinale, Whitf.. • • . • • . . . • . * ............... . 
S. deflecttun, Hall . • . • • • • • • • • • • • . • • • . • • . . • • • * * 
!;. deltoideun1, Conrad • • • . • • • • • • • • • • . • . . . . • * * ............ , .. 
S. · filitexttun, !fall . . .. . • . • • • .. • • • • • • • . • • . .. • . * * . . . . .......... . 
S. planoconvexum! Hall.............. • • • . * ...................... · · 
S. plariutnhonutn, Hall............... . • • . • • . * · * ............. · • · 
S. sinuatum, Etnn1ons................ . • • . . • . . * ................ · ... . 
S. · suhtentum, Hall................... . • • . .. • . * ........... . .... .... * ....... . 8.· subplanutn, Conrad ....................... . 
8. sp. new and undet.. • • • . • • • • •••• , • . . • . . • • . * 
8trophomena alternata, Conrad • • • • • • • . • • . . . . . * r;: · 
S. antiqua, 8owerby .•.•.•••• ,... • ••..•••.••..•...... 
S. camerata, Conrad... • • • • • • • . • • • • • • . • • • . . . • . * * 
S. can1nra, Conrad................... • • • • •• ·• * 
S.' incrassata, Hall?................... . • • . . . • . * * 

* .•........ 
* .......... . 
* 
*? ........... . 

* S. Kingi, Whitf ..• ~ •••.•.•••••••••••. •· •..••. 
S. nitens, Bill .•..• .- •••••••••••• , •••..•••.••..• , . . . . . * ...... , ... · · • · · 
8. patenta,.Hall ....••••••••••••• , .•••.••..•• _. . . . . . • •. * 
S. profunda, Conrad.................. • . • • . . • . . • • . . . . . . . • * 
S. recta, Conrad .. :................... • • • • . • • . . • • . • • • • * 
S. rhomboidnlis, Wahl •••••••••••..•..• •. • ............. . 

? .•• 

* ... 
S. semifasciata, Hall • • • • • • • • • • • • • • • • • • • • • . • • . . • • .. . . • . . • • . * 
S. tenuistt·iata, Hall .•.•••••••••••••••••••.• .-. * ....................... ~ 
S.. tenuilineata, Conrad .• ••••.••••.•• . • • . . . • . * . . . . . .............. . 
S. Thalia, Bill. • .. . . . . • • . • • • • • • • .. • • • . • • • . • . . . • • . . • . • * ............... . 
S. unicostata, M. & W............... . . • • . . . . . . • • . . . . • * 
S. Wisconsensis, Whitf ....•••••••••••.••......... ; • • . * . . . . . . . . . . . . ... 
s .. new and undet. sp .... oo•••••o•···· .••. .•• . * * * * ........ ···~ 
Strophodonta demissa, Conrad •••••••••... ~ .. · ..••..•••.•.•.•...•••.••. 
S. inequistriata, Conrad ............................................. . 
S. perplana, Conrad .•••••• , • • • • • • • • • • • • • . • . . . . . . . • • . • •..••..•••..•. 

· S. striata, Hall .•...•... ~ .......... ~ •• ~ • •. . • • . •...•• •; . . • . * 
' Skenidium insignum, Hall? ........ ~ ............ : .· .. * .. . . . . 
' Leptrena Barabuensis, Winchell........ >~< * .. . . . ................ .. 

* 
* 

L. sericea, Sower by. . . . • • . • • . • • • • •••.. ." ..••. · # * * .......... . 
L. tranversalis, Dalman . •• • • • . • • •• • • . • • • ·..•• . . • . • •.•.•••.••• 
Chonetes coronata, Conrad ............... .'. . . • . . • • . . . • . • • • • • • • • . • • . * 
C. defiecta, Conrad. . . . . . . • • • • • • • • • . . • • . . • • . . • • . . • • . . . • . * 
Productella spinulicosta, Hall .... .' ....... · ...... ~ .:. .. .. .. .. .. .. * 
Spirif~ra angusta, Hall .......•..•..••..... : • • . • •.. . . • . . . • . . . • . * 
S. (Cyrtina ?) aspera, Hall ·..• • . . . . . . . • • . . • • . . • . . • • . . • • . . • • . . • • . . • • . * 
S. audacula, Conrad=8. medialis, Hall. . . . • . . • . . • • . • • • • • • • • • • • . ••.•••. 
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BRACHIAPODA- con. 

Spirifera euritunes var. fornacula, Hall. . . . . . • • . . . • . . . • . . . . . . • • . . • . . . • • • * 
S. gibbosa, Hall . . . . . . . . • . • • • . . . • . . • . . • . . . • • . . . • . . . . . * .......... . 
S. granulifera, Hall.................. . • • . . . . • • • . • • . . . . . . . . • . . .. . . • . ? 
S. mucronata, Conrad .•••..•.•••••••..•• ·. . .. • • • . • • . . . • . . . . . . . . . . . • . * 
S. nobilis, Barr...................... . • . . . • . . • •.. • ·:; . . . . * ........... . 
S. meta, Hall. . . . • • • • . • • • • • • • . • • • • • • . . •...•• , .. ·• . . • . . . • • . * . . . . . .. . 
S. pennata, 0'\\·en....... . . • . • • • . . . . . • • . . • • • . . . . . • . . . . . • . . . • • . . • . . * 
S. plicatella, Sowerhy .•....•...•••..•..••...... -... . . . . . . . . * ....... . 
S. plicatella var. radiata, Sowr....... . . • . . . • • . . . • • . • • • . • • . * · * 
Cyrtina? aspera, Hall . • • • . • • • • • . • • • . . • .........••..•• .- . . . . . • • . . . . . . • • . * 
C. Hamiltonensis, Hall ...••..••••.•..•• ~ . . . . . . . . . . • . . . . . . . . . . • • . . . . . * 
Spiriferina ?-zigzag, Han . . . • • . . • • • . • • • . . • . . . . . • . • • • . . . . . . • • . . . . . . . . . * 
'rrematospira hirsuta, Hall . . • . . • . • . • • . . • .............. ~ ~. • . . . • • . . . . . * 
Meristella (Ch~rionella) Hyale, Bill ................... ·. . . . . • • • • * ....... . 
M. nucleolata, Vanux . . . . • • •• • • •. . • . . •• • . • . . . . . . . • • . . . • . . . . . . • . . * 
Retzia sp. undet .....•• ·••••••. . • • . • • • . . • . . . • . . • • . • • . . . • . . . • . * ....... . 
Atrypa hystrix, Hall. . . • • • • • • • • • • • • • • • . • • . • . . • • . . • • . • • . . . . . . • • * 
A. nodostriata, Hall.................. . . . . • • . . • • . . . . . . . • . * ....... . 
A. reticularis, Linn ..•••••••••••••••••••..••... ~. . . . . . . • . * * 
A. sp i nasa, Hall ........ ·• . . • • . • • • • • • . . • . . . . • • .. . . . . • . . . . . • • . . . . . . • • • * 
A.· sp. undet........ • . • • . • • • • • • • • • • . ••....•.........••..•.. · * . . . . .. . 
Zygospira modesta, Hall . • . • • • . • • • . • • • . . . . . . . . * * * . . . . . . . . . . . . .. . 
Z. · recurvirostra, Hall ..•.. • . . . . • • • . • . . . • • . . . . . * * ................... . 
Rbynchonella A.nticostensis, Bill. .. • • .. .. .. .. .. * * .............. . 
R. capax. Conrad .......... ~ • • • • . . . . . • . . . * * * . . . . . . . . . . . . .. . 
R. cuneata, Dahuan ..••••.••.•••.••..••.........•••...•..•.. · * ....... . 
R. Indianensis, Hall ••••••••••••••••.••......••.. ; . . . • • . * .••......... 
R. Janea, Bill . . .. • • •• • • • • • • • . • • • • • • . . • • . .. . . . .. * ............... . 
R. Neenah, Whitf....... •• • • • . • • •. • • . . • • . . • • . * * * ........... . 
R. neglecta, Hall ....•••...•.••••••.... : . • . . . . • . . . . . . . .. . * * . . . . . .. . 
R. perlamellosa, Whitf............... . . . . . • . . • • . . • • . * . . . . ...... . 
R. pisum, H. & W . . . . . . . • • • • . • • • • ••.. ,. . . • • . ••..• ·•• • • • . . • • . * ....... . 
Leiorhynchus Kelloggi, Hall . . • • • • . • . . . . . . • • . . • • . . • • . . . • . . • • . . • • . . . . . * 
Leptocmlia planoconvexa, Hall .•...•••..••..•...• ; . • • • • • • • . * ........... . 
L. plicatula, Han.. . . . . . .. • • . • • • • • • • • . . . . . . . . . • • • . . . . . . . . * ........... . 
Triplesia primordialis, Whitf .. .. • .. .. * ....................... . 
Eichwaldia reticulata, Hall............ . • • . • . . . . . . • • • • . . . . * . . . . . ..... . 
Camarella hemiplicata, Hall's sp....... . • • • . . • . * * ................... . 
C. ops, Bill. . . . • . . . . . . . . . . . . . . • • • • • • • . • . . • • • • * . . . . . . . . . . . . . . . . . . . . . • .. 
Pentamerus bisinuatus, McChes........ . • • • . . . . • • . • • • • . • • . * ........... . 
P. fornicatus, Hall.. . . . • . . • . . • • • • • • • . . . • . • • . . • • • . • • . . . . . * ........... . 
P. oblongus, Murch.................. . • . • . . . . . • • . . . . . . . • • * * ........ . 
P. pergibbosus, H. & W . . • • . • • • . • • . . . • • • • • • . . . . • • • • . • • • * * ....... . 
P. ventricosus, Hall.................. . • • • . • . . . . . . • • . . • . ! : .. ; .... . 
P. sp. undet ...........•.••••••••.•...•••••••. • ...•••.••. 

· 8:'P~c~1i~e~~Ws~0::i:{f.s:.~.~1~:·.:::::::: :::::::::::::.::::::: : : :::::::: 
S:rickln.nrlinia Galtensis, Bill......... . • • • . . • . • • • . ..• • . . . • . * .. .; ..... , . • · 
S. n1ultilirata, Whitf ................................... •. . . . . . ....• •. 
Anastrophia int.erplicata, Hall......... . • . . • • • • . • • • • • • • . • • . * ............ . 
Rensellreria, sp. undet ....• , •• , •• ,..... • • • • . • • • • ••..... · ••••••. : * · · · · . · · · 
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Pterinea aviculoidea, Hall ............................. · · • · · • • · · · · · * 
P. brisa, 1\'IcChes .•.••••..••..•••••................•.•• ·. * · · · · · · · · · · · · 
P. dernissa, Conrad.......... • • • . • . . . • • . . . • . . . . . . • . * · · · · · · · · · · · · · · · · 
Pteroni tes, sp. undet. ................. ·, . . • . . . . . · .. · .. • . · • • · · · · · · · · · * 
Ambonychia acutirostra, Hall ..••••••••.. ~ ...•...•...•. ·• • · * * · · · · · · · · 
A. attenuata, Hall.................... . . . . . . . . * .. :. · · · · · · • · · · · · · · · · 
A. lamellosa, Hall . • . . . • . . • • • • . • • . . • . . . • . . . . . * * · · · · · · · · · · · · · · · · · • · 
A. planistriata, Hall ••.•••••••••••••...•.. ·••. * . · · · · · · · · · • · · · · · · · · · · · 
A. radiata, Hall .•.••.•• o o.......... . . . . . . . . . *? * · · · · · · · · · · · · · · · · · · · · 
A. recta, ·Hall ......•• , ••••• o ••• ,..... • • • • • • • • * * · • · · · · · · · · · · · · · · · • · 
A. sp. nndet............ •. • • •• • • • • • . . . . . . . . . * .· ...... · · · · · • • · · · • · .. · · 
Tellinomya alta, Hall ~ . • • • • • • • • • • • . • . . • . . . . . . * .... · · · · · · · · · · · · · · • · · • • · 
T. Iphigenia, Bill.................... . . . . . . . . * .... · · · • · · · · · · · · · · · · · · · · 
T. levata, Hall ....••••• o ••• •• • • • • • • • • • • • • • • • • • "' • • • • • • • • • • • • • • • • • • • • • • • • 

T. nasuta, Hall .....•••• o o........... . . . . . . . . . * ·. • · · · · · · · · · · · · · · · · · · · · · 
T. ventricosa, Hall .. , , ••.•••••• o.... . . . . . . . . * ............. o ... · . . . .. 
T. sp. undet ..•••....•......•.•.•• o •• •o. • • • * * .... · • · · · · · · · · · · 

. Cypricardites Canadensis, Bill......... .. .. .. .. * .... · ... · • · · .... · .. · · .. · 
C. Niota, Hall .......................... ·. . . . . * ...... ·. · · · · • • · · · · · · ·.· · 
0. megambonus, Whitf. ........... o.. . . . . . . . *' •••• ·• • ... • • · • • • · · · · ·.• ·. 
C. rectirostris, Hall.................. . • • . . . . . "' .•. ·. ·. · • · · · • • · · · · · · · 
C. rotundatus,· Hall . .. . • . . • • • . • • • • • . . . • . . . • . . "' ...... · . · • • • · • • · · · • · · · · · 

· "' C. subtruncatus, Hall ..••.••..••••••..•••••• o * ........ · · · · · · · · · · ·. ·. 
C. ventricosus, Hall ..•• o ~ • .-..... • • • • • • • • • • • • • * . . . · · · · · · · · · · · · · · · · · · · 
C. sp. undet......................... . . . . . . . • * ...... ·. · • · · · · · · · · · · ... . 
Cleidophorus neglectus, Hall. .. • . .. . • . . . . . . . . . .. . . . • • • * · · · · · · · · .. · · · · · · 
Palreoneilo constricta, Conrad's sp ...••..•...•..••..••..• · . · · · · · · · · · · · * 
P. e1narginata, Conrad's sp ........................... ·• •. · · · · · • • · · · · · * 
P. fecunda, H. & W ...........••..........••..••..••. · · · · · · • • · • · · · · · · ? 
P. nucul it'orn1is, Stevens' sp. . . . . . . . . . . . . . • . . . • • . . ...• •. · · · • · · • · · · • · * 
Leptodomus (Ampbicrelia) Leidyi, * 

Hall's sp ...•.....•.............••.. ·•. . ......... ·. 
L. (Ampbicrelia.) neglectus, McChes.. .. .. ..·. . .. . .. • . .. .. * · .. · .. · · 
L. undulatus, Wbitf. .... · .....••••..•..••.... ·. . • • . . . . . . . . . * ........... . 
Megalomus Canadensis, Hall .... o ............ ·• • .. .. .. .. * ...... .. 
Modiolopsis dictrens, Hall ...•••••••••..•.. ~... . . . . . . • • . • . . * · · • · . · · · ... . 
M. faba, Hall . . . . . . . • • • • • • • • • • • . . . . . . . . . . • . * . . . . . . . . . . . .. . ......... . 
M. Nilesi, M. &W ..••• ·•••••••••••••. .•. . . ....... ·••• * ···· ···· ... . 

· M. plana, Hall....................... . . * . . . . . .. . ',j.. . • • . • • • • • •• 
M. recta, Hall ............. o.. . . . . . . . . . . . . . . . . . . . . . . · · · · · · · · ... . 
M. supcrba, Hall ................ o.... . . .. . . . . * · • • · · · • · · • · · · · · · · · · · · · · · 
M. sp. undet......................... . • . . . . . . "' . . . . . . • . * · ............ . 
Modiomot'pha concentrica, Conrad's sp ..•••.• o. • ••••••• •• • • • • • • • • • • • • · * 
Schizodus? sp. undet ...••••••••• o ••• o ••• , :: •••••••• • • * ,., · · · · • · .... 

GASTEROPODA. 

Palreacmrea lrvingi, Whitf............. * 
Metoptoma Barabuensis, Whitf ......••.••. 
M. patellif~)J'm.is, ~all •••••••••••.••. 

1 

..... 
M. perovahs, Wh1tf .•.•••.•••.••••....... 
l\1. recurva, Whitt' • • . • . • • • • • • • • • • . • . . ... 

... 
* 

.... 
* 

........ ·; . ............. . 
* . . . . . . . . . ............. . . ......................... . 
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GASTEROPODA- con. 
Metoptoma retrorsa, Whitf .••• • 

1
••••••• • • • • "' • • • • ••••••••••••••••••••••• 

M. sitnilis, Whitf............... •• • • . . • • . * .... ·· ............... · ........ . 
Platyceras primordialis, Hall.......... * ............ -.... . . . . . . . . .. . 
P. Niagarensis, Hall................. . • • . . . • . . . . . . • • . • • . . * 
Platyostoma Niagarensis, Hall.. . . . . • • . . . . . . . . . . . • . . . . . . . . . . . . * ....... . 
Euomphalus macrolineatus, Whitf..... . . . . . • • . . • • . . • • • • • • • * 
E. Strongi, Whit f .••......• ,.......... . . . . * ........... . 
E. vaticinus, Hall.................... *. . . . . . • • . . . . . . . . . ... 
E. (Straparollus ?) mopsis, Hall . .. • .. . .. .. .. .. . • • . * 
Straparollus Hippolyte, Bill........... . • • . . . • . .. • . .. . . . • .. * ........ 
S. solaroides, HaJl . . • • . • • • • . . . . • . . . . . • . . . • . . . . . . • • • . . • . * 
S. sp. unllet ....•....•••. ~.......... . . . . * ............... . 
f::;t,raparollina. sp.?..................... . . . . .. • . . • • . . . • . * 
Ophileta? (Raphistoma)' primordialis, 

·Winchell....................... * .................. . 
0. uniangutaris, Vanuxem........... * .......... .. 
0. sp.? (casts only)......... .. ... .. .. * .......... .. 
He1 icotoma planulata, Salter.. • • • . • • • • . * 
11. sp. UGdet......................... . • • . . . • • * * 
Holopea elevata, Hall ..... ·, • • • • • • • . . • . .. • • . • • • . • . . ••. * ....... . 
I-1. Guel phensis, Bill.. . . .. • • • . • • • • • •.. .. • • . • • . . . . . . • . . . . • .. . • • . * ....... . 
H. harrnonia. Bill. . . . . . • • . . • • . • • . . . . . . . • . . . • . . • • • . . • . . • • . . . . . * ....... . 
H. Inagniventra, Whitf ..• ·••••••.•••.. . • • . . •.... 
II. obliqua, Hall..................... . . . . . . . . * 
H. paluclinreformis, Hall.............. . • .. .. .. * 
H. (Pleurotomaria) tmgicla, Hall...... * 
Holopca Sweeti, W hitf................ * .... 
H. sp? .............•••.•...• • •. • •. • * 
Uyclonema ( ?) clevatum, Hall....... . ..•••..• 

* 
* 

U. pauper, Ha.ll. ..................................... . 

........ 
* 
* C. sp. rese1nbling C. pauper ............................ .. 

* ....... . 

* C. percarinata, Hall....... • . . • • • . • . . . . . . • • . * * ............... . 
C. sp. ? • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * . . . . . . . . .. . 
Raphistoma lenticularis, Sowr......... . . • . . • • * * 
H. Niugarensis, Whitf ....................... . 
R. Nasoni, Hall . . . • . . . . .. • • • . • • .. • • . . . . . . . • . * ....... . 

............ 
* ............ . 

1{. sp. ? • . • • . • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • . * * .... 
Trochonema ambiguum, Hall.......... . • • . * ............... . 
'f. Beachi, Whitt' ......................... , . • . . * · ...................... . 
'1'. Beloitense, Whitf ..••.•••. o...... . . . . . . . . * 
T. fatua, Hall ..........••.•••••••••••.•••..•. 

.................... 
* * ....... . 

T. lapicidum. Salter .................... . * T. umbilicaturn, Hall............... .. .. .. .. * · * 
'1'. sp. uudet . . . . . . . • . . . • . . . . . . • • . • • • • . . . . . • • . * * ........... . 
Zenophora. trigonostoma, 1\Ieek........ . • • . . • • . . . • . . . . . * 
Loxone1na. Leda, Hall. . • • • . . • . • • • • . . • . . . . . . • • . . • . . . • • . * 
L. magnum, Wbitf. ........••...•••. 
Eunema. (M:urchisonia) pagoda, Salter?. 
Subulites elongatus, Conrad .......... . 
S. ventricosus, Hall... . . . . . . • ••.•••. 
Clisospim occidentalis, Whitf . . • • • . . . . . . . 
Plemotomaria ad vena, Winchell....... * 
P. Ax ion, Hall . . . . ........••••••....••. 
P. depauperata, Hall. ••••••••••••••••.... 

* ····· .... 
* * 

* ........ 
* * .... 

* ...... . 

* ....... . 
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~~eu~~fe~a~~~r~I.t~~~~~~. ~i.l~::::::::: : ::: : : :: : . • • . . . • . . . • . * : : :: : : :: : 
P. Hoyi, flail ............................. ~ · · · · · · · · • · · · · • · : · · · · · · .. · · · · 
P. Idia, Hall ......••.•••..•.••••••••..•. · • • • . ·•• · • • · . · • · · · • · · • · · · · · · 
P. Laphatni. vVhitf. ••.••••..••••••••..• ~. . • • . .. . . . • • . . . • . * ........ · .. . 
P. occidens, Hall .. , •..•••••.....•....... • •. · ~ ·. · · · · * · · · · ... · · • · 
P. niota, IIall ......•••....••..... · · •. · · · · * · · · · : · · · · · · · · · • 
P. Racinensis, 'Vhitf .••••.••••••••••..••.. • · · * · · · · .... · · · • 
"P. per lata, ·I1all ...••••••••••••••••••......• • . • • . * .... · · · · 
P. subcouica, IIall....... .. . • . . . . . . . . . . . . . ·. * .. · . . . . . . . . ...... . 
P. sp. nndet . . . . . . .••..............•... · ·. * * * ....... . 
Murchisonia bell icincta var. major, Hall ..•. · ~ • · ·. · * · · · · · · · · ....... . 
M. bicincta, Ilall. ....................... • • • * * · • · · · • • · · · * · · · • · .. •. 
M. Bovdi, If all.. . . ......•.•.••..••...... • · ......•. ; .••... ·. . ....••• 
M. Chiunberlini, Whitf .. , ................ · • · .....• · ..••... · · * ..... , .. 
M· Conradi. flail ......................... · · · •... · .... · * ....... . 
M. gracilis: !fall ........................... · ·. * * ...... ·. . ...... . 
J\1:. hel icteres, Salter.. . . • .. . • • ............ · • . * . . . . . . . . · · ...... .-. 
M. llcrcyna. Bill. ........................ • • · .••.. • • · · · · · * ....... . 
J\1:. Laphanti, flail. .•....••••.•••......•.. • • • ....•.. · · · · * . · · · ... . 

·~I. Logani, Hall. ......................... • •. .. .. . • .. .. .. * . . . :::: 
J\1. longispira, 1-:lall ..•.•••••••••••••..•..••.•••.. ; .....•.... * .... . ~:. 
M. tnacrospira, flail .......•..•..•...••.. • • •........ · · • · . · · · * . . . . .. . 
M. mylitta, Bill. ..................... ·· .•.. • • • ........ · • • · * · · · · ... . 
M. (Eunetna) pn..goda, Saltet· ................ • · * .......... · · .......... . 
M. triearinata, !{all.......................... * ....................... . 
M. turritifonuis. llall....... •. . . .. . . .. . . . . . ....... · · · · * . · · · ... . 
M. ventricosa, Hall.............. . . . . . . . * ........ · · · · ..... · · · ... . 
M. sp. undet. . . . ........•••••• , • . . • . . . * * * ........... . 
Fusispira elongatn.. Hall............... . .. . * .... · ·.. . ......... . 
F. ventricos:t, Hall................... .. • . * ... · · · · · ...... · · ... . 
F. sp. uncles............ •• • .. •.• • . • • . . • • . * ...... · · : ..... · · ... . 
1\:Iaclurea .Bil!shvi, 1-:lall................ . . • . . • . . * ....................... . 
J\L cuneata,~Wi1itf . . . . . • .. • •.• • . • .. . • . . • • . .. • . * ................... . 
M. subrl.ltuuda, vVhitf................ * . . . . . ............. . 

HE'fEROPODA. 

Bueania bidorsata, Hall.. . .. . . . • • • • . . . . ... . . . . . . * ....................... . 
B. Bnelli, Whitf ........................... ·. * . . . . . . . . . . . . . ...... . 
B. tl'igonost.onHl, H. & W ....•.•••••..... ·, ··.. . . . . * ....... . 
B. punctifrons, fiall............. .. . . . . . . . . . . . * . . . . . . .. . . ...... . 
Bellerophon antiquatus, vVhitf......... * .·... .. .. .. .. .. .. .. .. .. . .. .... .. 
B. bilobatns, Sowr .........•...•.••••. · • • . • • • * . . . . . . . .............. . 
B. Wisconsensis, Whit f. . . . . • • • • . • • . . . . • • . * . . . . . . . . . . . . . . . . . . . .. . 
Cyrtnlites .cntnpressa, Conrad ................. ; * ..... · .................. . 
C. Dycri, Hall. . . . . . . ...•.•••••••. · .. · . • . . . • . . * . . . . . . . . . . . . . ..... . 
Rcrevogyra elongn.ta, Whitf............ . • • • * ........................... . 
S. obliqua, vVhitf............... • • • . . • • • * .................... , .... , .. . 
S~ f:hvezeyi, Whitf... • •• • • • • • • • .. • • . . • • • * .......................••..... 

., ' 
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PTEU.OPODA. 

Ecculiomphalus unduiatus, Hall~ .•..•. 
Pterotheca attenuata, Hall ........... .. 
Hyolithes Baconi, Whitf .... · .............. .. 
H. primordial is, HaE........... ... .. * 
Conularia Trentonensis, Hall .•••••.•.. .. · .. ·.··· 

CEPHALOPOI:A. 

§ 
~ 
Q) 
~ 

~ --

* 
* * 

Orthoceras abnorme, Hall ...••••••.•• - ....•••...•. 
0. alienum, Hall......... • ........ . 
0. amplicameratum, Hall ........... . 
0. anullum, Com·ad ................ .. * 
0. annulatum, Sowerby ..... -.............••. 
0 .. (Actinocerns) Beloitense, Whitf.... . • • • . • • . * 
0. cnpitolinum, Safl'ord . . . . . • . • • .. • • . * 

~ 
0 
> 
~ 

cS c 
s::l 0 

Cll 
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* 

0. Carltonense, vVhitf ................................ -..•. 

cS 
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* 
"' 

* 

0. coluinnare, Hall . . . • • • • • • • . • • • • • • . .. • . . . • . . • • . . . • . . • • . * 
0. crebescens. Hall . • • • • • • • • • • • • .. • • . . • • . . . • . .. . . * 
0. lioyi, McCheH ..••••••.••••••••••.......•..••. 
0. juncenn1, IIall . . . . • • • . • • • .. • • • • • . . • • . . . . * * 

. 0. Laph:uni, McChcs . • • • • . •• • • • • • • . . • • . ........••. 
••'!'· 
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* 

U. Ineciulare,HalL ...................................... * ........... . 
0. Niagnrense, flail ..... ~ ...••••••••...•.......... 
0. multicameratum, Hall .. • • .. • .... .. . .. .. • . * 
0. planoconvexum, Hall •.•••.•• , ••... •... . • • * 
0. primogenium, Hall . • . • • • • • • • • • • •.. . . • .. * 
0. verebra1e, II all ....••••••.••••.••..••..••. 
0. Wauwatnsense, Whitf ..•••.••.••..••...• 
0. sp. undet. . . . . . . . . . . . . . . . • . • • . . . . . • • . . . . : 
Actinoceras (Orthoceras) Beloitcnse,Wh ...•...•. 
Ormoceras t:enuifi,lun1, Hall ( ?).·........ . . . . . . . . ::: 
0. sp. undet . . . . . . . . . . . . . • • • • • • • • • • • . . . • . . . . . * 
Endoceras annulntum, Hall............ . . . . . • • . * 
E. pruteifnrme, Hall . . . . . . . . . . . . . . . . . . . . . . . . . * 

* 
* 

* 
* ........ 
* * 

* 
E (Cameroceras) subannulatum, Whitf . . . . . • . * 
E. sp. uudct. . . . . . . . . . . • • . . . • • . . • . . . . . • . . • • .. * ... _ I ••• I e I • I • e I • e e e 

Huronia annulatum, Hall.. . .. . . . . . . . . .. ............. .. * Discoceras (Gomphocems) conoideum 
Hall ......................•...•••..•..••..... * Gomphocems fusifonne, Whitf ...•..........••. 

G. hrevipostiomn, Whitf ........................ . 
G. so)•iniuni, Hall .................................... , . . . * 
G. septoris, Hall. . ~ • . . • • • • • • • • . • • . . . • . . .... ·. . . * 

* 
* 

G. sp. undet . . . . . . . • . . . . . • • • • • • • . • • • . . • • . . • • . * . . . .. . . . . * * .......• 
Cvrtoceras annulatum, Hall............ . . • . • . . * . . . . . . . . . ..... . o: articaineratutn, IIall. . . . . • . • • • • • • • • . • • . . • • . . • • . . • . . . . . * ....... . 
C. brevicorne, Hall . .. • • • • • • • . . • • • • • • . . . . .. • . . • • . * ........... . 
C. catJlUl'Ulll, Hall................ . . . . . . • . * . . . . . . . . . ........... . 
C. corniculunl, Hall . . • • • . . • . . • • • . . . . . . . . . . . . * ....................... . 
C. dardanuin,Hall .......... ., ....... ····:.·.·.·.:··.$···•··'···· * ... . 
C. -euO'iUni, flall •.•••... .- • • • • • • . . . . . . .•..•...•.. 
C. infumlibulmilt Whitf.......... . . . . ... 1.••. . • • . * · · ·- .... · · · · 
C. laterale, Hull. . . . • . • • • • • • • • . • • . • . . * * ....... . 
C. loculosuln 1 Hall................... . • • • * ' · .... · ......•. · ......•. 
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CEPHALOPODA- COn. 

Cyrtoceras macrostomum, Hall......... * . . . . . . . . . . . . . . . . . ..... . 
C. Neleus, Hall.;.................... * ....................... . 
C. _planodorsatutn! · Whitf .••• ~... . . • . * . ! ••.••••••••••••••••••• 

C. recltlm, Wl1itf. . .......•••.•••. · ••. ! •••• : ••• ~.. • • • • • • • • • • • • • •••••••• 

C.? rigid urn, Hall •..... :. • • • • • . • • • . . • . . • • • . • • . . • • . . • • • . • • • * ? .••••••• 
Oncoceras abruptun1, Hall ..•• ;........ .. . . . . . . * . . .. . . . . . . . . .......... . 
0 .. Alee us, Hall. . . . . . . ..• . . • • • • • • • • • • . . . . . . • . * . . . . . . . . . . . . ..........• 
0. brevictirvattun, Hall . . • • • • . • • • • • • • . • • . . • • • * . . . . . . . . . .............. . 
0. Lycus, Hal! .. ·. . . . . . • • . • • • . • • • . • • . . • • . . . . . * ..................•..... 
0. Inumiaforn1is, W"hitf.. •. • • .• • • •. • • . . . . . . . . . * ...................•• ·. ·. 
0. Ot·cas, Hctll ......•.•••••• .••..••..•...•.............. * ........... . 
0. Pand ion, !fall .................... • . . . . . • • • * ....................... . 
0. plebiun1, Hall . . . . . • • • . . • . • • • • • • • • . . . . . • • . * ........................ . 
Gonioceras anceps, Hall............... . . . . . . . . * ....................... . 
G. occidental is. Hall. . . . . . . • • . . • • • • • • . • • . . • • . * . . . . . . . . . . . . . . . . ..... . 
Pbragtnoceras Hoyi, Whitf............ . . • . . . • . . . . . . . . . . . . . * ........... . 
P. Hoyi, var. cotnpressum, Whitf..... . . . . • • • • . . . . . . . . . . . * ........... . 
P. labiatum, Whitt' ................ ·•• . . • . . . . • . . • . . . . . . . . . * ........... . 
P. Nestor, Hall. . . . . . . . • . . • • • . • • • . • • . . . . • . • • • . . . . . . • . . . . . * ....... · .... . 
Gvroceras convolvans, Hall........... • • • • . • • . * ....................... . a: duplicostatutn, ~Yhitf.............. . . • . . . • . * . . . . . . . . . ............. . 
G. Hereules. W. & JVI................ . . . . . . . . . . . . . . . . * .. ~ ......... . 
G. sp. undet.......... . • • . • • • . • • • • • . . . • • • . • • . * . . . . . . . . * ........... . 
N au til us occidentalis, Hall............ . . • . . • • • . . • . . . . . . . . * ........... . 
N. sp. undet......................... . . . . . . . . .. . . . • . . . . . . : ........... . 
Lituites multicostatus, Whitf.......... .. .. .. .. . . .. . • • . .. .. .. ......... . 
L. occidentalis, Hall................. . • . • . . • . * ....................... . 
L. Ortoni, Meek..................... . •.. . . • • . . . . . . . • . . • . . * ........... . 
L. Robel'tsoni, Hall. . . . . . • • • • • • • • • • . . .. • . . • • • * ....................... . 
Trochocel'as costatutn, Hall............ . . . . . . . . .... ; . . . . . * ........... . 
T. Desplainense, McChes ..• ~ •...•.•••.•••.••............. · * ........... . 
T. Gebhardi, HJ.ll. . • • . • • • . . • • . • • • . . . . . . • . . . • • . . • . . . • . . . . . . • • • * ....... . 

ARTICULATA. 

ANNELID1E. 

Arenicolites W oodi, Whit£ ....... ·• .. • • • * . . . . . . . . . ·. . . . . . . . . . . . . . . . . . . . .. . 
Serpulites Murchisoni, Hall........... "' . . . . . . • • . . • . . . . . . . . . . . . . ...••• 
Ortonia. sp? . . . • • • . • • • . • • • . . • • . • • • . . • . . • • • . . . . . • • • . . . * ........... . 
Worm-like tubes..................... * * ....................... . 

CRUSTACEA. 

ENTOMOSTRACA. 

Leperditia alta, Conrad................. . • • • . • . . . . . . .. . . . . . . • • . . . • • * 
L. fabulites, Conrad. . . • • • • • • • • •••••• · .• ·1· . . . * ................... . 
L. fonticola, Hall. . . • • • • • • • • • • • • • . • • • . . •.• . . • . . • • • . • • . . • • . * .....•...... 
Beyrichia, sp. undet. . • . • • • • • • • • • • • . . • . . • • . . . • . * . . . . • ............... . 

0 . 
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GENERA AND SPECIES. 

----------------:---- ---- -- -- --· ---- -- ·-
TRILOBITA, 

Pemphigaspis bullata. Hall............ * 
Agnostus disparnlis, Hall.............. : 
A. Josepha, Hall..................... "' 
A. pa1·alis, Hall . . . . . . • • • • • • • •••••.• 
Aglaspis Barraudi, Hall............... * 
A. Eatoni, Whitf.. .• .. ......... ..... * 
Ellipsocephalus cnrtus, Whitf.......... * 
Dikellocephalus Barabuensis, Whitf .... 
D. Eatoni, Whitt' ..•••••••••••.•••..•..••• 
D. Lndensis, Whitf...... .... • •• .. ... * 
D. Minne.sotcnsis, Owen~............. * 
D. Minnesotensis, var. limbatus, Hall * 
D: Miniscaensis, Owen. . . . • • • • • • . • • • * 
D. Minhcaensis va1·., Hall............ * 
D. misa, Hall.................... . • . * 
D. Osceola, Hall. . . • • • • • • • • • • • • • • . • . . * 
D. Pepincnsis, Hall.................. * 
D. spiniger, Hall ............. ; .. .. .. * 
Chariocephalus Whitfieldi, Hall • . . . • • • * 
Triarthrclla aumralis, Hall . . . • . . . . . . . . * 
Oonoceplwlus (Agraulos) aJ;latinus,H.'s sp. * 
Conocephalus binodosns, Hall . . • • • . . • . * 
C. calymenoiues, Whilf.. . . . . • . • • • . • . . * 
C. d iadematus, Hall .........•...•..• .' * 
C. (Arionellus) dorsalis, Hall's sp...... * 
C. eos, Hall . . . . . . . . . . . • • . . • . . . . . . • • . * 
C. (Ptychaspis) explanatus, Whitf..... * 
C. Hamulus, Owen . • . • • •. • • . • • • • . . . . * 
C. loweusis, Owen................... * 
C. minor, t:ihu1nard •.•••••.••• , • • • . • • • * 
C. nasutus, Hall . . . . .. • • • • • • • • . • • . • • . * 
C.· optatus, Hall. . . • • • • • • • • • • • • • • • • . * 
C. Patersoni, Hall ..••••• ~............ * 
0. Perseus, Hall . . . . . . • • • . • . • • • • • • . • . * 
C. ·? quad1·atus, Whitf....... •. • • • .. . . * 
C. Shumardi, Hall................... * 
C. Winona, Hall..... . • • • . • • • . • • • • • • • * 
C. Wisconsensis, Owen... . • . . • • • . • • . * 

* .... · ............... . 
* .................. . 

. . . . . . . . . . . . . . . . ~ . . . ... 

Crepicephalus? Gibbsi, Wllitf......... * .............................. .. 
C •. onustus, Whitf.................... * · ....................... . 
Arionellus bipunctatus, Shumard...... * 
A. convexus, Whitf..... • • • • • • . • . • . • • :t 
A. sp. undet..................... . . . * 
A. (Conoceph.) dorsalis, Hall . . . . . . . . • * 
Agraulos (Conoceph. ?) anatinns, H.'s sp. * 
A. (Bathyurus ?) Woosteri, Whitf.. . • • . * 
Ptychaspis Barabuensis, Winchell...... * 
P. (Conoceph.) explanatus, Whitf. . . . . * 
P. granulosus, Owen . . . . . . . • . • • • . . . . * . . . . . . . ~ . . . . . . . . . . . . . . . . ·. . . . . . . 
P. Miniscaensis, Owen's sp........ .... * ................. ·1·... . . . . .. 
P. tninuta, ·whit f. • • .. • • • • • • • . • • .. • • . * ............................... . 
P. st•·iata, Whitf ............... ~..... : ....... · •· .· .••.•.•.. • ••••• 

1 
•• • •• ••••• ·.1· ........... · .· 

P. sp. undet ...•.••••.•••••••••••..•. 
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TRILOBITA - COn. 

Calymene Clintoni, Hall. ...••..•••.••.......•..••...•.... ~ * ....... . 
C. Niagaren'sis, Conrad............... . . . . . . . . . . . . . . . . . . * ... , . . . . .. . 
C. sen aria, Conrad. . • . • . . • • • • • • . • . . . . . . • . . . . . * * * . . . . . . . . ...... . 
Asaphus Barrandi, Hall ..••••.• .,..... . • • . . • • . * .. . . .................. . 
A. gigas, D'Kay· ...•.•••••••••• ~.... . . • . . . . . * . . . . . ................. . 
A. Iowensis, Owen.. . . • • • • . • • • • • • • • • . . • • . . . . . * . . . . . . . . . . . . . . . . . . . . . .. . 
A. homalonotoides, Walcott. • . • ....... ·. . • . • • • . * . . . . . . . . . . . . . . . . . . . . . .. . 
A. Busre, Calvin ..•.•..•••.••••••..... '•.. . . . . * . . . . . ................. . 
.A. sp. undet .........•••• ,,, • • • . . • . . . . . . . • . . * * ............... . 
Illrenus armatus, Hall................. . • • . . . . . . • • . . . . . . . . . * . . . . ...... . 
I. crassicauda, Wahl . . . • • • • • . • • • • • • . . . . . . . . . · * . . . . . . . . . . . . . . . . . ...... . 
I. cuniculus, Hall... .. . • • • • • • • • • . . • • . . • • . . . . . . . . . . . . * ........... . 
I. Daytonensis, H. & W............. . • • . . • • . . . . . • . * . . . . . . . .. . 
I. imperator, Hall. . • . . . • • • • • • • • • • . • . . . . . . . . . . . . . . . . * ........... . 
I. ins ignis. Hall...................... . • • . . . • . . . . . . . • . . • • • : .••..•••.••• 
I. Ioxus, Hall. . . . . . . . • • • • . • • • . • • . . • . . . • • . . . • . . • • . . . . . . . . . • • • . . • . ..• 
I. I owens is, Owen.. . . • • . . • • • • • • . . . . . • • . . . • . . • . * ............... . 
I. Madison ian us, Whitf..... •. • • •• . . . . . • . . . . . . • • . . . . . . . . . * ........... . 
I. oratus, Conrad . . . . • • • . • • • • • • •.. • • • . . . . . . . . * ....................... . 
I. pterocephalus, Whitf... . • • . • • • • • •..••...... ·•• . . • . . . . . . * 
I. taurus, Hall. . . . . . . . • . • • • • • • • • • . . . . . . . . • . . * * . . . . . . . . ... 
I. sp. undet. . . . . . . . . . . . • . . • • • • • • • • • . • • . . . • . * * * * . . . . .. 
Il'1renurus convexus, Whitf............. . . • . * . . . . . . . . . . . . . . . . .. . 
I. quadratus, Hall.................... * . . . . . . .................... . 
Harpes, sp. undet .. : . ........•. =·· • • • . • • • . • • . . • • • * ....... . 
Ceraurus Niagarens1s, Hall. • • • . • • . . • • . . . . . . • • . . . . . . . . . * 
C. pleurexanthemus, Green........... . • • . . . . . * ....... . 
C. sp. undet.. . . . . . . . . . . . . . . . • • . . . . . . . • . . • • . * . . . . . . . . * 
Encr'inurus ornatus, H. & W...... • • . . . . • • . • • . . . • • . . . • . . • • . * ........... . 
E. sp........ . . . . . . . . . . • • • •. • • . . . • • . . . . . * . . . . . . . . * 
~phrerexochus Romingeri, Hall....... . • • . . . • . • • . . • • . . . . . * 
Bphrerocephalus sp. undet..... ..• • • . • . . . . • . . . . . . . * ............... . 
Dalmania callicephalus, Hall ............ , . . • • . * * . . . .. ......... . 
D. nicta, Hall.... . .. • • • • • • • • • . . . . . • • • • . . • . * ........... . 
D. vigilans, Hall . • • • . • • • . • • • • •. • • . • • . . . . . . . . . . . . . . • . . . . . . * . . . . . ... 
D. sp.? ... ·•... . . . . • • • . • • • • • • • • • • • • • • • . . . . . • . . * ....... _ . . . . . . . . . . . .. . 
Phacops ran a, Green. • • • . • • • • • . • • • . • . . . • . • . • • • . • . . . • . . . ....•••.... , . • . * 
P. sp. undet.. . . . . . . . . . • . . • • • • • . • • . . . . . • • . . • • . . . . . . . . . . . . . * ........... . 
Prretus undet. sp......... . • • • • • • . • • • • . • • . . . . . . • . . * .................. . 
Lichas phlyctonodes, Green ...••••••••......... ·1·. . . . . . . . . . * .......... . 
Bronteus acamas, Hall................. . • • . . . . . . • • • . . • . . • • . * * ....... . 
B. Lapbumi, Whitf........ . ~......... . • • . . • • . . • • . • • . • . • • . * ........... . 

VERTEBRATA. 

PISCES. 

Rhynchodusexcavatus, Newberry •••....•••.••••••• , •••• ;.. . •••• .•• * 
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OF 
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HISTORICAL REVIEW. 

In Volume .II of this series of reports, the late lamented ~oses 
Strong described the general geology and topography of the lead 
region, and presented. statistics in relation to the mines and mining 
operatio!ls. For reasons there in part indicated, he did not, however, 
enter upon a systematic discussion of the forms and methods of de­
position of the lead and associated ores, nor of the theoretical consicl­
eratiol.Is that relate to the subject. This, by Mr. Strong's preference, 
falls to the wr'iter, and will constitute the central subject of this 
report. While, for completeness and convenience, topographical and 
geological ~acts may be passed. in review, it will be only because of 
their relationship to the ,special subject under discussion, and only 
those features will usnally be selected which seem to have a bearing 
upon the .elucidation of the metalliferous deposits. 

I desire to ask, at the outset, the. patience and pardon at once of both 
the professional and non-profe-ssional reader; of the former, for the 
introduction of some elementary statements for the convenience of 
the latter, and of the latter, for tlie use of some chemical and other 
technical terms that are ~ecessary to a precise discussion of the 
subject. 

The origin of the lead, zinc, and associated ores of the Mississippi 
Valley has ?ery naturally been the theme of much speculation and 
discussion, though ,less often the subject of carefnl and systematic 
investigation. Dr. Percival seems to have been the firBt competent geol­
ogist who gave the subject a sufficient amount of special.study to entitle 
his opinions to deferential consideration. Dr. Owen had indeed pl'e­
ceded him, and was possessed of acknowledged ability, but he was not 
permitted, by the limitations of time and the legal requirements im­
posed upon him, to give these deposits thorough personal examination. 

He has not left us any clear and definite statement of his views, 
which, at the best, must have been based upon general considerations, 
but he indicated a belief in the derivation of the ores ·from beneath, 
and implied that they were in some way due to the fact that they 
are "based upon a syenitic and granitic platform lying somewhere 
bet~een one thousand and two thousand feet below." 
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Dr. Percival gave the fall of 1854 a~d the spring and early summer 
of .1855, to a minute and critical study of the forms and geological 
relations of the lead deposits, and he has left us, in his two prelim-

.inary reports for those years, a large amount of valuable data. Prob­
ably at no time in their history, have the IJ1ines been more extensively 
or actively worked than during the period of Dr. Percival's investiga­
tions; and his observations, at that stage of their development, are of 
mnch service to all subseqn~nt investigators. They would, doubtless, 
have proved much more .valuable, had· their gifted· author .lived to 
complete his examinations, and to make a report embodying a com­
plete exposition of his observations and opinions, properly illustrated .. 
The want of adequate maps and figures --very pardonable in an 
annual report of progress- is yet much to be regretted, since they 
\Vould have added clearness and definiteness· to some statements that 
are .now somewhat ambiguous, as _all merely verbal descriptions are 
liable to be. 

Dr. Percival seems to have arrived at his general conclusions as to 
the descent of the deposits very early in the com·se of his examins.­
tions, indeed even before his investigations on behalf of the state' 
were commenced, for he says: 

"I have also employed, in preparing tbis report, such. facts as I bad collected the 
former year, in the employment of the American Mining Company (N. Y.), in ex­
ploring different localities in the same district, and particularly in examining the 
different strata, in reference to the probable descent of the mineral through them. On 
tbjs point, of so much importance to the min\ng interest, 1 had then ascertained a 
series of facts which seemed to prove that all the limestones, from the surfaee of the 
upper magnesian [Galena limestone] to a considerable depth, at least, in the lower 
magnesian, were good lead-bearing rocks. My resen,rcbes this year have enabled me 
to add many convincing proof~ to what I had befor~ ascertained, th.e whole showing a 
regular descent of the mineral through all the rocks, within the limits above indicated, 
except the upper sandstone ... 

He very candidly adds: 

"I have had no .opportunity, this season, of extending my researches in the lower 
magnesian, its outcrop occurring chiefly in the northern part of the district, which I 
have not yet visited." 

The following paragraph also deserves a place here: 

"From the short time that I have been_employed by the state, .it cannot be expected 
that I should prepare a complete report. In this, I have had in view the immediate 
interests of the mineral district,. and I have endeavored to give it a practical bearing. 
My object bas been to give general views of more immediate importance, and rather 
to point out the m.ethod I design to pursue than to give the results of a survey. Local 
details, and such as have no direct bearing on my present object, are reserved to 
another occasion., 
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The passage above quoted indicates the views Dr. Percival held 
with reference to the, downward extension of the metallic deposits. 
Precisely what he meant by" a regular descent of the mineral through 
all the rocks,'· I do not find more definitely indicated than in the fol­
lowi~g statement~ from p. 68 of his first report: 

"I have thus been able to trace the mineral in a series of crevices and openmgs from 
the summit of the upper magnesian to. the depth of 60 to 70 feet in the lower magne­
sian, and have found all the beds of limestone good mineral-bearing rocks, each.with 
one or more opening-s, besides vertical or pitching sheets or veins. The small depth to 
which mining has been extended does not allow one to trace the mineral through the 
whole of the extent downward in any one instance, but wherever circumstances permit 
of examination, the order of succession in the openings is found to be regular, and in 
multiplied instances vertical crevices and veins have been found passing down from one 
opening to another. It is then probable that the series is generally continued through 
t.he whole downward extent indicated, subject only to such interruptions as are more 
or less common in all veins. The arrangement appears most analogous to that of the 
lead mines in the North of England, where the veins traverse different beds of lime­
stone, separated by beds of other rock (sandstone or grit, shale, and toadstone or amyg­
daloid), but the mineral is chiefly confined to the limestone, the other beds being gen­
erally considered barren, and where there is a similar combination of vertical crevices 
and veins with more or less extensive flats, corresponding to the flat sheets and open­
ings in the mineral district. 11 

It should be borne in mind that this was written at a date when 
something of indefiniteness of ideas concerning the English deposits 
was doubtless pal'donable; but in 1861 Wm. Wallace published an 
elaborate discussion of the lead deposits of Alston Moor, abundantly 
illustrated by maps and sections. From this and other authorities it 
appears that both in the Alston Moor district and in Derbyshire·, the 

.leading districts of the north of England, the fissures are of an alto­
gether ~ifferent character from the crevices of Wisconsin, being due 
to extensive breaks and dislocations of the strata. The displacement 
of the beds sometimes amounts to a fault of 200 feet. In Wisconsin, 
displacements, except of the most trivial character, have not been 
found. Bnt it is more 'important to observe that, notwithstanding the 
English fissnres traverse the strata to great depths, and penetrate 
igneous rocks, there is no "regular descent of the mineral."' 

Mr. Wallace says:1 '"In .Alston Moor the \Teins have been the most 
productive in situations furthest removed from .Plutonic action, the 
richest deposits having been effected in the upper part of the Moun­
tain Jjmestone, where no igneous rocks are fonnd, either in the form· 
of dykes or sheets intermingled horizontally with the stratified rocks .. 
The lower part of the strata in this district comprehends a stratum of 

1 On the Laws which Regulate the Deposition of Lead Ore in Veins, by Wm. 
Wall ace, 1861, p. 99. 

VoL. IV.-24 
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Basaltic Greenstone, and also a Basaltic dyke, but the veins generally· 
have contained very little lead ore.where these rocks form their sides 
or walls. Doukeburn east and west vein has been proved to co~tain 
scarcely any ore for a considerable distance on each side of the 
Basaltic dyke. So far as this district is concerned, there is nothing 
to support the theory that lead is due to exhalations from beneath or 
to matter injected in a fluid state among the consolidated sedimentary 
rocks." ; · · 

By the expression, "good lead-bea~hig r~cks," Dr. Percival would 
seem to imply that in his view the .ore deposit was dependent on the 
ch.aracter of the_inclosing rock; but, on the other hand, he indicates 
a belief that the crystalline rocks ("primary and igneous") were 

. induent,ial agencies. These ~mplied views are, perhaps, not necessarily 
inconsistent, but their harmony is not evident, and before any safe, 
practical considerations can be drawn, the. precise influence of each 
agency ought to be shown. Undoubtedly Dr. Percival would have 
discussed the subject more fully had his life been spared; but justice 
to, the practical issues involved forbids us from giving undue weight 
to the opinions of even one eo much respected, unles::; fully supported 
by d:~ta,and reasons, especially so since some views then prevalent in 
respect' to metallic deposits have b~en discarded in the light of the 
developments of the quarter century .that has intervened. 

Dr. Percival seems to have been the first to study critically the 
surface arrangement of the lead-bearing crevices, and to associate 
them in groups. and serim~. So far as the grouping into" diggings. 
and districts" is concerned, we have no occasion, even now, to change 
or modify in any important respect the groups of crevices described 
by him; bnt in his attempt to arrange these districts into great series 
or belt~, he can scarcely be regarded as eminently successful, since no 
subsequent investigator seems to have been impressed with the force 
of his .groupings. Probably no one else has been more successful, 
while some have certainly been less natural and more arbitrary. The 
fact seems to be that there is no very conspicuous and natural arrange­
ment of the diggings into great series, although there is an obscure 
tendency to an irregular belt-like arrangement, but this is not suffi-. 
ciently definite to admit of unequivocal interpretation, if studied 
simply from surface mapping. 

Dr. Percival noted the existence of several points within the dis­
trict where the strata were lifted. above their normal position, which 
he designated "centers of elevation." In his last year's work he alsG 
recognized the existence of corresponding depressions. Both of these 
be appears to have attribute~ wholly to disturbance of the strata, and 
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not 'at all to irregularity of original deposition, and to have empha-
. sized its amount in some measure bevond what a more critical study 

would warrant. As this undulatory "'character of the strata forms·an 
element in my own theory of the method of deposition of the ores, I 
am not indi8posed to accept as pronounced vim\·s of the undulations 
of the strata as the facts will. permit. But it is quite certain that" a· 
portion of the present undulation is due to original deposition on an 
uneven ocean bed, and the remaining portion to subsequent disturb­
ance. The amonnt of this disturbance, while noteworthy, was not by 
any means very g1·eat;, a~d Dr. Per.cival's reference of sudden changes 
in th~ height of . beds to faults·- was doubtless a misconception, they 
being really due to the abi·upt i1·reg,ularity of the strata, now known 
to be a common feature of these formations. These apparent faults 
and disturbances seem to have been important elements in Dr. 
Pe1·cival's theory of the origin of the deposits, for he says: 

"The opinion expressed in my former report, that the mineral was derived from 
beneath. is strengthened not only by the general results of my observations in the dig­
gings, but by the appearance of disturbance in the strata, particularly along the line of 
the great body of mineral traversing the middle of the district, and by the relation in 
the bearing of that· body to the extensive ranges of primary and metamorphic rocks 
towards the northeast, indic.:1.ting that the mineral may have arisen from a mass of such 
rocks beneath the secondary strata." 1 

It is unfortunate f6r this theory, however, that ·not one of these" cen­
ters of elevation" is the center of a heavy ore deposit, while on the 
other hand, it is qnite certain that some, and apparently most of the 
deposits, lie in depressions of the strata, as will appear in the fuller 
discussion of the subject in. the body of the report~ 

Dr. Percival clearly perceived and fully set forth the important di.s­
tinctions between the character of the north-south and the east-west 
crevices. 

Whatm·er of adverse judgment has been implied in this brief sketch 
of Dr. Percival's views has been introdnced reluctantly, and pnrely 
from a feeling that it was but just to him to review his work, and, on 
the other hand, but just to the practical issues involved to dissent 
from what seemed, in the light of continued exploration and more re­
cent investigation, to be untenable. But I" do not allow this to detract 
from the just and high esteem in which Dr. Percival will always be 
held. 

In the year 1859, Prof. J. D. Whitney began an investigation of the 
lead formations of Wisconsin, having previously studied the adjacent 
deposits of Iowa. In his report of 1862, he presented an able and 
elaborate discussion of the subject, giving an extended description of 

1 An. Rep. 1856, p. 63. 
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_the forms and relations in which the ores are found, together with his 
views as to their origin. Our Hpace will manifestly not permit a 
minute review of this report of 358 pages, nor indeed is it greatly de­
manded, since the report itself is well known and quite widely access­
.ible. Prof. Whitney differed quite radically from Drs. Owen and 
Percival in his views of the source of the deposit. Instead of deriva­
tion from beneath, due, in some unexplained way, to distnrbances of the 
strata. that, at best, were but slight, Prof. Whitney maintained that 
·metallic salts were held in solution in the waters of the ancient ocean, 
from whence the lead-bearing strata were deposited, and that they 
·were thrown down by the action of organic matter, or the snlphuretted 
l1ydrogen arising from its decomposition; and so were mingled with 
.the accumulating sediment. Afterwards the metallic materials, thus 
disseminated through the strata, were concentrated in fissm·es and 
openings, forming the present deposits. The crevices, Prof. vVhitney 
attributed to the ordinary jointing that is common to almost· all rocks, 
·and to the elevatory movements to which the region has been subject. 

The views of Prof. Whitney have been very generally accepted by 
the scientific world, though they have been lef,S cordially received 
·by the people of the lead· region, since the practical inferences from 
them are thought to be less encouraging in regard to the permanence 
of mining. The people have, however, generally recognized the fact 
that it is more important to know the truth than to be beguiled into 
.11seless expenditures by a :flattering hypothesis. 

There are, however, certain features of Prof. Whitney's theory that 
are not quite satisfactory. Ife assumes that the general oceanic waters 
of the early geological periods were more highly impregnated with 
metallic salts than in later ages, and that, on the introduction of life, 
and its death and decay, there arose chemical agencies which caused 
the deposition of these metallic salts, mingled with the accumulating 
·sediments. If this be trne, it is a logical inference, (1.) That the 
metallic depositions would correspond to the introduction and distri­
bution of life; (2.) That the ores would appear in the strata when 
life firi:lt. appeared; (3.) That they would be abundant or sparse, ac­
:cording to the luxuriance of life; (4~) That they would continue prev­
alent in the life-bearing beds till the oceanic supply was exhausted, 
when they would cease. Bnt as far down as ~he Huronian formation 
.of the Lake Superior region, and the still lower Laurentian of Can­
·:::.da, there are great beds of carboniferous shale, graphite, and lime­
stone, .indicating, it is confidently believed, an abundance of life .. A 
section of the Huronian strata in the Menominee region probably · 
contains more carbonaceon~ ma~ter tha~_ a. similar section of the entire 
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Silurian strata of Wisconsin. Bnt note\vorthy deposits of lead and 
z.iuc are not prevalent in theae strata, as the theory would seem to 
demand. Again the Upper Silurian and Devonian beds are very pro~ 
lific in organic remains, but in this country they are nearly destitute 
of the ores under consideratiOn, while in the still later and not 
more fossiliferous Lower Carboniferous limestones are found the great 
deposits of southwestern Missouri, and the not·th of England, and 
'minor accumulations elsewhere, and even in the Triassic beds of 
Silesia, Cat·inthia and elsewhere imRortant deposits occur. 

On the other hand, the great deposits of eastern and .central Mis~ 
souri lie iri beds which correspond to our Lower Magnesian limestone, 
~nd are, like it, almost destitute of well preserved fossils. 

Still ful'ther it is to be noted that even the lead bearing strata them. 
selves do riot cany the ores throughout theit· entire horizontal extent, 
·tho~1gh often more fossiliferous than in the lead bearing districts, and 
still further, even in the productive regions the ores are found irt 
abundance only in circumscribed areas. In short, .there is no such 
uniform and specific correspondence between the prevalence of organic 
remains in the stmta, and the richness of lead and zinc ,deposits as to 
make that appear to be tlu~ sole-determining agency. Prof. Whitney 
was not unaware of this objection, as indicated by the following quo. 
tation: 1 · 

'' Anothet· question which will natumlly be asked in reference to the views advanced 
:.tbove is this:. Why, if the metalliferous solutions from which the ore deposits of the 
Lead Region were thrown down, were diffused through the oceanic waters, there was 

· not a precipitation of the metallic sulphurets ovet· every part of the valley of the Upper 
Mississippi? or why is the productive mining ground confined to a limited aren, while 
over a vast extent of country, for all that can be seen on the surface, there is no reason 
why equally importa.nt deposits should not exisl? . 

"To this we reply that. we I:Jelieve that it would be found that, were the earliest 
highly fos.3iliferous fot·mations everywhere exposed. they would be found, to a considera· 
ble extent, impregnated with the sulphurets of lead, zinc, iron, etc.; and in proof of this 

. we refer to the fact that the Sillll'ian, and especially the Lower Silurian rocks, are much 
more metalliferous than any other series of strata occupying the same area and with the 
same thickness. But these are not commonly exposed, being almost everywhere cov­
ered by other groups. Where metalliferous ores uo exist in the upper strata, nothing 
forbids the belief that they ma,y have .been derived from previously deposited masses be­
low, carried up in solution by thermal springs. or otherwise. If the original conditions 
under which the ores were clepositefl in the lower rocks were not favorable to their seg· 
regation in large masses, as was the case in the L;md Region, where the rocks were 
intersected by numerous fissur2s- then the deposition would take place in a more dif~ 
fused manner, and w2 might ha.ve a. mass of strata impregnated with ore, in small par· 
ticles, which would thus qe liable to oxidation, and would easily be dissolved out and 
transferred to the upper strata by thermal springs rising through them ft·om beneath." 

1 Geol. of Wisconsin. 1862, pp, 405, 406. 
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It is true that there are extensive areas over which the Silurian 
strata are concealed, and we can have no knowledge of their metal­
liferous character; but it is equally true that there are other exten­
sive· areas over which they are abundantly exposed, and their poverty 
in lP-::td and zinc ores does not admit of rational doubt. In the mat­
ter of segregation we may ft·eely admit that there may be instances 
where the metallic material remains diffused throughout the rock-

, mass, and fails to be concentrated owing to unfavorable conditions; 
but when we have made all dne allowance for this, we still find large 
areas over which the -conditions for concentration are seemingly as 
favorable as those of the lead districts. In the presence of so great 
richness in certain limited areas, and so great poverty over the much 
vaster areas of the same and similar formations elsewhere, I cannot 
convince myself that this reply, though it has some force, is .at all 
adeqnate. The suggestion that the ores in the upper strata may be 
del'ived from beds below, through the agency of thermal springs, 
seems to me especially unfortunate, as it yields the very basis of the 
theory held by Prof. Whitr1ey; f-or~ if the Carboniferous lead deposits 
1i1ay be dne to thermal spt•ings, much more so, we may fairly re;1son, 
the lower Silurian deposits, which lie near~r the thermal rocks below~ 
If wann springs gave rise to the lead and zinc 01·es of the Sn b-car­
honifer·ous limestone of southwestern :Missouri, much more rationally 
might the Lowe1· Magnesian ores of eastern and central Missouri, 
which lie almost in contact with granitic and p01·phyritic rocl{s, be so 
explained. It is C\'idet1t that the farther we recede from the crystal­
line·· rocks, the more inapplicable does the thermal theory, as a gen­
entl proposition, become. 

Before any theot·y of these deposits can be complete and s·atisfac­
tory, it must a88ign a reason why they occur where they do, and not 
elsewhere, both in respect to their .vertical and horizontal distribntion . 

. And this applies qnite as forcibly to any hypothesis, based on disturb. 
ance of the strata or thermal spring.s, as to oceanic precipitation, ·for 
the same strata, which in the lead region are metalliferous, are foun'd 
to be much more disturbed and to have been much more subjected to 
heat in the mountainous regions of this and the European continent 
throngh stretches of hundreds of m_iles' without producing notable 
mineral deposits. If simple disturbance of strata made lead mines, 
they would be as plenty as mountains. 

These criticisms do not so ·much aff'ect the general theory of oceanic 
·derivation as the special phase of it maintained by Prof .. Whitney, 
which, otherwise than in its ·failure satisfactorily to account for the 
localization of deposit.3, is strongly grounded in evidence and justifies . 
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the favorable estimate it has quite generally received at the hands of 
competent scientists. The cause of the localization of deposition, 
however, stands before the theory of oceanic derivation as its supreme 
difficulty. 

Mr. J. Murrish, in a report as commissioner for the survey of the 
lead district, made in 1871,1 maintained that a north and south "axis 
of physical disturbance" passed through the district near the fourth 
principal meridian, and that this was crossed by several east and west 
belts characterized by upheaval, and that the" mechanical force" and· 
thermal agencies connected with these di~turbances gave origin to the 
ore. He attempted to marshal the ore districts into four east and 
west belts identical ·with those of disturbance. How far these views 
accord with the facts of the case the reader will be able to judge by 
consulting the ample data bearing upon the subject of upheaval, or 
by inspection of the accompanying crevice maps, on which the ranges 
are laid down with as much precision as practicable~ 

1 Document accompanying governor's message, 1871. 
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CHAPTER I. 

DATA RELATING TO THE ORE DEPOSITS. 

It is proposed in this chapter to present, with as great precision as 
can. be commanded consistent with tlie requisite brevity, the essential 
facts that relate to the lead, zinc and associated ore deposits of south­
western Wisconsin, and the immediate inferences that spring from 
them, reserving, in the main, theoretical considerations for the follow­
ing chapter. 

I. TrrE N.ATURE OF THE MINERALS UNDER CoNSIDERATION. 

A .. The Grouping of the Ores. It is convenient to speak of these 
ore formations simply as lead deposits, but in a critical study of the 
subject, it is important to observe that we have to deal rather with a 
g1·o~tp of minerals than with any single ore. Indeed, at present, zinc 
is industrially the more important resource, and copper is now being 
mined with reasonable profit, it is claimed. 

The association of ores, thongh a common, is always an interesting 
phenomenon, and, in this instance, in the judgment of the writer, has 
a significance which gives it something of importance. Viewing the 
lead region as a whole, the mineral gi·onp embraces ores of lead, zinc, 
iron, copper and manganese, and the minerals calcite and barite. Sil­
ver is almost nni versally found in galena, but in this region the 
amount pre.:;ent is so minute as to render it notable for its compara­
tive absence. Fluor spar, a not. uncommon associate of lead ores, has 
not been found in· the Wisconsin region. Quartz, though abundant 
in the inclosing beds, in the form of chert, is rare in the crystallized 
.form as an immediate attendant of the ores. Antimony and arsonic, 
that frequently attend them, have not been observed; so likewise nickel 
and cobalt, which occur in association with the lead deposits of ::Mis· ·, 
sonri, have not been detected in the upper Mississippi region. 
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It is not to be understood that these minerals are constantly asso­
ciated with each other throughout the lead region, for, in some 
localities, little besides lead ore is found; at others, only two or three 
of the group named. The special distribution of the several minerals 
will claim attention presently, but it will be helpful first to con­
sider the ores of lead, zinc: iron, copper and manganese, with calcite and · 
barite, as constituting the mineral group presented by the Wisconsil\ 
lead region. 

In comparison it is interesting to note that the eastern Missouri 
district presents a somewhat more numerous group, embracing ores 
of lead, zinc, iron, copper, nickel and cobalt, the last two associated 
with a little arsenic, and the minerals barite and calcite. 

These, like the Wisconsin ores, are poor in silver. This group 
differs from our own mainly in the presence of nickel, cobalt and 
arsenic, and in a greater preval~nce and preponderance of barite as 
gangue matter. 

The ce:1tral Missouri lead region affords the same general associa­
tion of minerals as the Wisconsin district, while that of southwestern 
Missouri differs in the absence of barite and copper, the presence of 
greenockite (cadmium sulphide) and of a notable quantity of bitumen, 
with the predominance of dolomite, only feebly present elsewhere as 
gangue material. 

Quartz is present in all these regions, but not in such form or. 
abundance as to indicate that it has any intimate connection witli the 
special causes of deposition. · 

In the meager published descriptions of northwestern Arkansas, I 
find only lead, zinc and calcite noted, suggesting a close alliance with 
the adjacent Missouri region. In. the northeastern district, copper 
and iron pyrites are added, while in the central region the group 
remains essentially the same as the last, but a portion of the galena 
is highly argentiferons. None of the deposits of Arkansas, however, 
have been developed to a sufficient extent to lend these discriminations 
much trustworthiness. 

In the lead districts near the m.outh of the Cumberland river, in 
Kentucky and Illinois, the lead ore has, for its principal gangue; 
fluorite and, as accessory associates, blende, calcite .and bituminous· 
matter. 

If it wer~ our province to discus~ lead deposits in general, there 
would be found, by going beyond the limit of the Mississippi basin, 
an exceedingly interesting variety of min,eral association!::, yet pos­
sessing, on the whole, a striking similarity.. It would appear that 
zinc is almost universally associated with lead ores, where these occur 
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in magnesian limestone; that iron usually accompanies them,· and 
that the so-called gangue matter is usually either calcite, dolomite, 
barite, or fluorite. The presence of calcite and dolomite is not 
especially suggestive, since they largely constitute the material of the 
inclosing rock, but the presence of barite and fluorite, which are not 
by any means prevalent ~n the rocks of the surrounding regions, 
deserves consideration. · 

In the districts above cited, barite is confined to the Silurian de­
posits and fluorite to· the Subcarbo~iferous, but any suggestion of an 
explanation or generalization on the basis of geological age will be 
found untenable on a wider view. For barite, as well as fluorite 
occurs in the Subcarbonifel'Ous deposits of Derbyshire, Cumberland 
and elsewhere, while fluorite is found in the Silurian deposits of New 
York arid.at other points in the lower formations. 

B. The Nat'ure if the Minerals. In a rational study of ·metallifer­
ous depos.its, t~e precise character of the 01·es and their miner·al asso- · 
ciates is of the yery highest importance. It is not, uncommon to find 
theories, popularly prevalent, and even occasionally finding their way 
into official reports, that are wholly inconsistent with the nature of 
the minerals whose origin they are designed to explain. Veins are 
sometimes thus held to be fil.Jed by igneous injection with minerals 
that cannot' take the fused state together without wholly losing their 
chemical composition and character. Deposits of mixed ores and 
spars are sometimes attributed to gases arising from below, notwith­
standing .the fact that some of the group take ·the gaseous. form only 
under the most extraordinary circumstances, and the further fact that 
to volatilize and deposit them iu the observed order would require 
incredible conditions, and the still more decisive difficulty of volatiliz­
ing and depositing them simultaneously in the observed form and 
position, owing to the wide differences in their temperaturea of 
solidification. Other like inconsistencies are met with. The chemi­
cal composition, crystalline form and microscopic structure of the 
tninerals involved may be such as to forbid the belief that they 
originated in certain ways, and these must therefore be rejected in 
ur·riving at a rational conclusion as to the manner of their formation. 
H~nce at the outset, there is need for a critical study of the minerals 
w:i.~h which we.have to deal. 

The Wisconsin lead region presents for our special consideration 
the following minerals: (1) of lead ores, the sulphide, galena, the 
carbonate, cerussite, and the sulphate, anglesite; (2) of zinc ores, the 
sulphide, sphalerite or blende, the anhydrous carbonate, smithsonite~ 
and the hydrous carbonate, hydrozincite; (3) of iron ores, tlie 
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sulphides; pyrite and marcasite, the carb01iate, siderite, and the oxides 
hematite and limonite; (4) of copper ores, the mixed sulphide, 
chalcopyrite and the carbonates, malachite ·and azurite; (5) of 
manganese ores, the oxide, pyrolusite; (6) of lime compounds, the 
simple carbonate, calcite, the calco-magnesian carbonate,Jolomite and 
the sulphate, gypsum; and (7) of bal'inm salts, the sulphate, barite~ 
A few other minerals will claim attention for special reasons. 

It will very much simplify and facilitate onr subsequent discus­
sion·s to distinguish among these minerals two classes, the first includ..: 
ing those that retain the form in which they were originally deposited,. 
and the other embracing those that owe their present chemiGal char­
acter to changes that have taken place since deposition. To illustrate,· 
all the lead was, undoubtedly, at first dep.osited in the form of the 
sulphide, galena, and the carbonate and sulphate have be~n derived 
from this by subsequent chemical change. All the zinc was origin­
ally blende, the "drybone" and" bloom" being derived from it. The 
evidence of this will appear subsequently. 

Grouping on this basis, the first class will embrace the lead sulphide;" 
galena, the zinc sulphide, sphalerite or ·blende, the iron sulphides, py­
rite and marcasite, the copper-iron sulphide, chalcopyrite, the lime 
carbonate, calcite, the lime-magnesian carbonate, dolomite, and perhaps· 
the barium sulphate, barite. To these there is probably to be added· 
a manganese sulphide, .though none is now known to exist. In short 
it may be stated that all the metals were at first deposited as com-· 
pounds of sulphur; and the spars as carbonates or sulphates. 

The second class will· include the remainder of the previous list, or 
in other words, the oxides, carbonates, and snlphates of the metals. 

CLASS I. -Minerals in the form in u'hieh they were originally 
deposited. · 

Galenite. Galena., Lead 8-ttlphide, 8ulphuret if Lead, ".Min­
eral." This is a simple compound of lead and sulphur, in the ratio 
of 86.6 to 13.4. When perfectly pure the former figure represents 
the amount of metallic lead in the ore. I~ very rarely is absolutely 
free from foreign substances, but in the region under consideration, it· 
attains a very high degree of purity, av,d the derived metal ranks as 
the highest grade of "soft lead." The only foreign ingredient that· 
deserves more than passing notice is silver, and that not on account of 
its amount, but rather its almost entire absence. It is asserted by· 
high authority that all galena is more or less silver-bearing, but the 
amount contained varies greatly, and this \rariation has both a practi- · 
cal and a theoretical importance.. If the content of silver ranges from 
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six . ounces per ton, or thereabouts, upwards, it may be profitably 
extracted . 

. The recent remarkable developments in the west have. made us very 
familiar with argentiferous lead ores of_ high grade. The word "car­
bonates" has come to have a magical sound. But these carbonates 

·were beyond question derived from silver-bearing galenas. 
It has been observed that galena, occurring in veins in crystalline 

rocks, usually contains a notable percentage of silver, while that 
formed in unchanged sedimentary strata is very. poor in silver. This 
rule is not, however, universal, and I doubt not that a more exhaust­
ive study of the subject WOtlld·~how that the··amoilnt of silver is more 
intimately connected with the som•ce and tnethod of deposit, than 
with the character of the inClosing· rock. I incline to the opinion 
that the lead ores, in the com·se of theit· history, have undergone solu­
tion and redeposit a greater or less number of times~ and that, during 
these processes, owing to the somewhat different affinities of the ~W\) 
metals, they have been in some degree separated. Under this view, 
the circumstances of solution and redeposit would beinflnential factors, 
as well as the number of times it was repeated. _If the o1·es ~vere 
dissolved from deep-seated strata, and simply brought toward the sur­
face, through fissures, and redeposited, no great amount of separation 
wonld. p"r'obal•ly take place. ·If, on the other hand; the solutions were 
·n!ingled with the oceanic· waters, and, after being borne to various 
·distance~, deposited with, earthy sediments, again to be taken up and 
redeposited in crevices and openings, much lat·get· opportunities for 
the disassociation .of the metals would be afforded. If these views 
be. tenable, the amount of separation might be stated as being de.pe.nd­
ent not only upon the number of times solution and redeposition have 
taken place, but also upvn the" circumstances nnd conditions undet· 
which these changes oc01~rred. The original proportion of the two 
metals is presumed to have been quite varying, but whatever it may 
have been, these changes might be competent, in some cases, to bring 
about a nearly complete dissassociation of the two metals, leaving the 
galena alm.ost entir~ly free from silver. This view would lead to the 
presumption that the Wisconsin lead ores had undergone repeated 
transformations or extended transportation. 
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The following tables .show the amount' of silver in the leading lead 
deposits in the world, in connection with the geological horizon and 
·character of the inclosing rock, so far as at command: 

TABLE SHOWING THE AMOUNT OF LEAD AND SILVER IN GALENA 
FROM DIFFERENT .AMERICAN LOCALlTIES,1 

~ ~ .s d (1) 
til 

~ ""' .~ ~ ~ (1) 
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0 0 en""' -a; -..,3· 

....o ....;; o- ~ 0 
s::l s::l 

8~ 'So • ~ (1) (1) os::l CJ CJ ...... o ::s 
""' ""' §.S g:+j ~ 

(1) (1) til 
~ ~ 0 C!;) z 

- ----
Upper Mississippi Re,qion. 

Wis., Rockville ........... .... 0.0004 311 Galena Limestone ... Dolomite. 
Wis., Mineral Point ..•.... .... 0.0101 '3 Galena Limestone ... Dolomite . 
Ills., Marsden Lode ....... ... ·. 0.0002 }of Galena Limestone., .. Dolomite • 
Ills., Rosiclare ......••..•. .... 0.0283 9~ Galena Limestone ... Dolomite . 

Missom·i Region. 

Mo. Granby Mines ........ 84.9 0.0031 1 Lower Carboniferous. Dolomite. 
Central Missouri .......... 86. trace Lower Magnesian ... Dolomite: 
Madison Co .......••.•.... 12.8 0.0124 4 Archrean ........ ~ .... Porphyry. 
Ark.. Newton Co ...••.... 76. 0.010 3M .................... ················ Ark., Marion Co ...•...... 86. 0.028 7t .................. · ... ................ 
Ark., Lawrence Co ...•.••. 86. 0.003 1 ....... ············· ................ 
Ark., Carroll Co .......... 86. 0.010 3]4 ............. ...... ................ 
Ark., Pulaski Co ...•...... 77. 0.880 287 .................... . .............. 

Other States. 

Ky., Princeton ........... 80. o.oot'7 i ... ................ . ............... 
N. H., Shelburne .. · .• · ..... 0.147 48 Palmozoic .......... ................ · 
Penn.; Chester Co ......... .... 0.04:13 13.5 Pitlreozoic .......... Metamorphic . 
Penn., do. (Pyromorphite) . 71. 0.0054 1~ Pa.lmozoic .......... Metamorphic. 
North Carolina ........... 17. 0.0250 nf Palmozoic ..•....... ·Talcose Slate. 

1 Compiled by I. M. Buell. 
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TABLE SHOWING ·THE AMOUNT OF LEAD AND SILVER IN GALENA 
FROM DIFFEREN1, FOREIGN LOCALITIES. 
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~ ~ 0 c!:) z ---------------- ----- --
England. 

Wensleydale (Yorkshire).. 80.5 0.0030 1 Carboniferous . . Limestone. 
Alston Moor (Northumbld) 80. 0.0143 4% Carboniferous . . Limestone. 
Weardale (Durham) ...... 83.6 0.0120 31~ Carboniferous . . Limestone. 
Somersetshire . . . . . . • . . . . 69.8 0.0410 13t ..........................••.•••.••• 
Alport (Derbyshire) . . . . . . 82. 0.0040 1,%' CarboniferoU3 . . Limestone. 
Shropshire .. .. .. . .. .. .. . 85.3 0. 0016 % Lower Silurian .................... .. 
'J'eign Valley (Devonshire) 79. 0.0146 4% Devonian . . . . . . Limestone. 
Leicestershire............ 81. 0.0050 lt .............................•••.•.• 
Cornwall ................ 78.2 0.0478 15% Devonian ...... Limestone. 
Isle of Man ............. 79. 0.1477 48;!4 LowerSilurian .. Slates. 
Beer Alston (Devonshire). 0.3399110 Devonian . .. . . . Calcareous slate. 
Cardigans hire . . . . . . . . . . . 0. 2480 80 Lower Silurian. . Slates. 

France. 

Pontgibaud .... ;, . • • . . . . 32.4 0.4000 130 ................. · Granite, schists. 
Palhercs ................ 40. 0.1100 35 ................................... . 
Brittany . . . . . . . . . . . . . . . . 77. 0.1588 51% ..••.•••.•••........ · ....•••••••..•. 
. . . . . . . . . . • . . . . . . . . . . . . . 80.5 0.3348109 ..••..••...•.......•..•..•••.•••.... 

German Empi1·e. ' · 

Freiberg (Saxony) . . . . . . . 40 . 0.1500 49 Pal~ozoic...... Giieiss, schistose. 
Commern . . . . . . . . . . • . . . . 62. ~ 0. 0168 5% Triassic . . . . . • • . Bunter. sandstone. 
Harz . . . . . ... . . . . . •.. . . . . . 74.6 0.1000 32 Palrnozoic ...••. Breccia. 
Harz {Clam;thal)......... 75.1 0. 9570 812% Pa:lrnozoic ...•.. Bt·eccia. 
Tarnowitz, Silesia .....••. 75 0.0247 ~ Triassic........ Muscelkalk. 
Freidrich, Silesia ......... 78.5 0.0476 15 Triassic ........ Muscelkalk. 
Obernhof, Nassau ............. 0. 2327 75 Silurian . . . • • . Argillaceous slate. 
Bohemia, Przibram ...... 40.75 0. 2680 87.5 Lower Silurian. . Schist and sandstone . 
. Gladenbach, Hessen. .. . . . 83.5 0.1400 45-9- ................................... . 

Spain. 

Carlha2'ena . .. .. .. .. .. .. 35.0 0. 0801 26.6 .. .. .. . .. .. .. . .. Schists and slates. 
Sierra Almagrera........ 0.4654150 Lower Silurian .. Micaceous slate . 
. . . . . . . • . . . . . . . . . . . . . . . . 84.2 0.0230 7j Lower Silurian .. Limestone. 

Other Countries. 

Portugal................ 83.4 0.0120 4 ......••.•.•.....•••.•••••••••••.•.• 
Pqrtugal . . . . . . . . . . . . . . . 5.5. 0. ~480 81 . . . . • . . . • . • • • . . . . . • • . . • • • • ••.••....• 
Bottino (Tuscany) ........ 79.7 0.4570 149 .................................. . 
Argenteira (Tuscany) . . . . 72.7 0.6850 221 ................................... . 
Sardinia . . • .. . . . . . .. . • . 79.8 0.0129 4~ .................................... . 
Sweden, Sala .... · ........ 75.20.7690251 Azoic .......... Limestone. 
Switzerland............. 58.6 0.1500 49 ..................... · .............. . 
Turkey ................ 61.3 0.0400 1~ .................................. . 
India (Himalaya) ........ 60. 0.0270 8t ................................... . 
Siber1a, -Zerinofsk........ 0.1000 H2% .............. • ................... . 
Siberia,, Nertschinsk ...... Lead. 1.8560 606 . . . • . . . • . . . • . • • . Limestone. 
Australia (Sulphate) ...... 38. 0.1000 :-32 ................................... . 
Peru ................... 56. 1.359.5444 .................................. . 
Peru, La Providentia..... 3.4810 1138 .................................. . 
WcstJndies(St. Kitts) .... 8~.90.005~ 1.8 .................................. .. 
Greenland . . . . . . . . . . . . . . 82.5 0.1800 5t::t .....•....•..•....••..••••••••••.••. 
Hudson'sBay(WhaleR.). 83.80.0164 5% ................................... . 
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The galena of onr lead region shows a marked tendency to crystal­
lize in its most simple fundamental form, the cube. Not infrequently, 
however, the corners are cut away, as it were, by the planes of the 
octahedron, and this 'modification sometimes extends so far as to pro­
duce nearly or quite perfect octahedral forms. Perfect octahedrons 
are, however, very rare and seem only to be found in soft, shaly layers, 
in the yielding clay of which they were enabled to grow symmetri­
cally. The finest specimen yet seen by me came from Crow Bt·anch 
and is in the possession of J. H. Evans, Esq., of Platteville. Where 
the ore forms in close crevices or other confined situations, it is, of 
·course~ prevented from taking, externally, a distinct crystalline form; 
but its cubic cleavage shows that it is definitely crystalline in ·struct­
ure. This prevalent tendency to complete and simple crystallization 
js perhaps attributable to the exceptional purity of the ore and its 
exceedingly slow, undisturbed growth. · 

The cubes ara habitually large and clustered, and are then graphic­
a11y designated "cog mineral," but not infrequently, small cubes, 
styled "dice mineral," prevail. Large, illy defined masses are known 
as." chunk mineral," and "sheet mineral" designates thin layers of 
ore filling narrow fissures, usually vertical. 
FIG. 1. Among its most interesting cr,ystalline fea-

tures are the forms known as '' reticulated " 
galena. In one variety the. crystal, instead of 
being solid '\vithin, is formed of alternate plates 
and spaces, parallel to the exterior, or of bands 
lying in the axes of the crystals, the remainder of 
the interior being occupied by angular spaces; or 

A. of co~binations of these, or of less regular 
spaces, bounded by faces that are corrugated 
with minute ridges conformable to the lines FIG. 2. 

of ctystallization. Prof. Whitney mentions 
these cavities as being lined with minute crys­
tals of lead sulphate/ and hence attributes the 
phenomenon to the removal of a portion of 
the interior of a once solid crystal by solution; 
the material along the axes being thought to 
have the power of resisting the decomposing 
agent for a longer period than the rest of the 
crystal. I do not, however find the lining of SnowrNa CAviTIEs rN GAL-

ENITE-cRYSTAL. THE SHADED 
lead sulphate to be by any means universal, or noRDER REPREsENTs INctos­

ING BLENDE, THE l;LACK, CAY-

even general, a portion of the filling being car- xTIEs IN GALENA. 

1 Geology of Wisconsin, 1862, page 193. 
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bonate; and in~~ lat·ge u'umber of cases, the w~lls of the in.terior cavities 
flO.:lSe.:;s a· Seemingly fresh leaden. gray surface that has a very COD· 
siderable reflecting power in certain attitudes, and in other cases, it 
presents brilliant specular surfaces without any indication of.corrosion. 
A l_arge specimen, from the Marsden lode, n~ar Galena, when sawed 
open, exhibited a somewhat irregular cavernous l.nterior, 'which pos­
sessed the curion~s crystalline angles and corrugations previously re ... 
ferred to. . A portion of these had an· external· opening and were 
corroded and coated with a secondary lead compound; but 'the remain-
der pr~sented a brilliant specular surface. · 

These reticulated fonns also occur in the center of· stalactitic ag.;. 
gregations of galena and blende, the reticulated' cavities taking the 
place of the central cylindrical opening, common to stalactites. In 
some cases the bright metaliic surface presents the :appearance of an 
encrusting film and does not take a sharply defined crystalline form; 
but I have not succeeded in demonstrating that this,is its true natnre. 
It seems possible that such bright metallic surfaces might be pro~ 
duced by the simple solntio_n of the lead sulphide, but scarcely by 
any form of chemical corrosion or transformatio·n. If the lnst1:ous 
surface is due to a film of comparatively recent deposition, the' cav.:. 
ities might still be due to earlier decomposition, and the harmony of 
seemingly incompatible facts be made, at 'least, conceivable. 

There is a form, likewise styled reticulated galena, that seems to . 
Fm. 3 owe its ·origin in part to the primal mode 

of its crystallization. It. appears to have 
grown up along an extended octahedrai 
axis by accretions to the adjacent faces, the 
result being an elongated prism capped 
by a pyramid. After this elongated crys­
tal had attained certain very moderate di.: 
rnensions, and apparently while it was yet 
growing, there spt·ang OQt thickly along 
its length, a series of lateral crystals that 
grew in a similar manner,· but at right 
angles. These are imbedded in blende 
and seem to have grown simultaneously 

11 RETICULATED GAI.ENA.,. · · 
SuADED ronTruN mmmsENTs TN· with it, and to have been modified by their 

CI.OSING BT.ENlJE, T.IGiiT PORTION, OA· 
J,ENA,BJ.ACKPOUTION, CAVITIES. On- StruggleS With the COmpetitive mineral, 
LIQUE LINES ON LIGll'f l'OltTION 

nEPnl!:sENT conuoDED LAlllrN.'I'J. resulting in mutual encroachrpents~ which 
produced, in the galenite crystals, successive contractions and enlarge­
ments of an irregular and unsymmetrical sort. · Subsequently' the in-~ 
terior seems to have been, in part, redissolved, after the manner above 

VoL. IV.- 25 
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indicated, mainly along the central axes, but also on the margins and 
in irregular ways. The total result is, that, being imbedded in blende,. 

·and dependent on its irregular fl'acture for exposure, most specimens 
present a .very complicated aspect. Its theoretical interest lies mainly 
in the fact that it is one of the evidences of the strictly cont~mporan­
eous deposition of lead and zinc ot·es. Another curious form consists 
of an elongated rectangular prism capped by sloping pyramidal faces. 
To give a definite conception of dimensions, a specimen one foot long, 
one· inch wide and one-half inch thick may be taken as a type. The 
pointed end has suggested the name "pick mineral," the form being 
not unlike the rectangular. point of that instrument. Its special pe­
culiarity consists of a small round perforatio·n, of the size of a knit­
ting needle, passing through the entire length of the specimen, but 
neither precisely at its center nor in a straight line; The perforation 
closely resembles those common to stalactites and probably has the 

·.same origin, the elongated crystal being stalactitic in mode of forma­
tion, but of this I cannot speak confidently, as I have never seen the 
specimens in place, and presume, from what I can learn, that they 
hav·e only been found in the loose residual clay of the "openings," 
which would indicate that they had fallen from above, but from what 
exact position is uncertain. I am trnetworthily i?formed that they 
were formerly very common at the Yellowstone diggings. The speci-

. men· which I have made the type of. this description is in .the posses­
sion of J~ M. Smith, Esg:, of :Mineral Point. ~fr. W. T. I-lenry, of 
the same place has s~veral very large specimens that have a similar 
but more syrhmetrical form. The cross section of these is nearly a 
square, sometimes three to four inches on a side, the h~ngth of the 
specimens being from one to two feet. 

The external surface of the lead ore as found in our region is gen­
erally dull, rough, and coated with the oxide or carbonate, resulting 

from chemical change at the surface. This change FIG. 4. 
is usually confined to the immediate surface, but 
sometimes penetrates to a considerable depth, and 
occasionally throughout, completely replacing the 

galena. . 
The form of the masses of galena is often much 

modified by erosion. 1'he original cubes have been 
GALENA PAnTTALLY much worn, often resulting in odd and fantastic 

CHANGED TO LEAD CAR· 
noNATE. 'l'uE nLAcl{ shapes. These eaten and worn forms clearly indi­
REPnEsENTs TllE G.A.· 

LENA. cate that, since the original formation, circum-
stances have changed. Whereas then the conditions favored deposition; 
they have since caused corrosion and removal. This also necessitates 
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the belief that the. remo\ring agency, which was, undoubtedly, the 
common drainage of the region, might, on meeting a reversal of con­
ditions, redeposit its biuden. But there are many exceptions to this 
rough and· corroded condition of the ore. Some of it presents a de­
cidedly fresh aspe-ct. · Of this sort there are two varieties; the one has 
a fresh, leaden-gray surface, reflecting only in certain attitudes, and 
the other presents a brilliant, metallic~ specular. face. This necessi­
tates the belief that either these fresh forms are or have recently been 
in process of formation, or that they have long escaped the incessant, 
though slow, changes, by which, as we shall presently see, they have · 
been alm_ost universally surrounded. 

The eroded forms are found mainly at and above the permanent 
wa,ter-level. 

It is important to consider what are the possible ways in _which the 
seveml ores may be formed, shlce that may be decisive in respect to 
some theories of deposition. -Galena is sometimes found in connec­
tion with furnaces~ where it seems to be prodnced simply by the 
vaporization of the ore and its redeposit in the cracks and cavities of 
the cooler parts of the furnace. N umerons experiments have shown 
that galena may be sublimed and again condensed in the cryst~lline. 
form, or produced by gaseous· combination. It may also be formed 
by passing steam over lead sulphide at a white heat, and afterv;-ards 
suitably condensing it. It may also be produced from solutions of 
lead compounds through the action of decomposing organic matter, 
and other agencies. 

So far, then, as the galena itself is concerned, it is permissible to 
suppose that it might have originated (1), through the condensation 
of its own lteated vapor; or (2), through the agency of steam; or (3), 
from water solutions by the agency of decomposing animal or vege. 
table matter. But when w_e come to consider its associated minerals, 
we may find ourselves shut up to a narrower choice. · 

Sphalerite, Blende, Blaclc Jack, Zinc· S'ltlpldde, S1tlphuret of 
Zinc. This mineral, commonly known among the miners as "Jack," 
is a simple compound of zinc (67 parts) and sulphur (33. parts). 
When essentially pure, sphalerite is transparent and has a fine 
i·esinous luster and white ot· yellow color. Bnt in the Wisconsin lead 
region it almost nniversally contains a sufficient amount of iron to 
render it dark and opaque. It belongs to the same fundamental 
system of crystallization as galena, bnt instead of growing in cubes 
:tnd octahedrons, it ti.sually takes the dodecahedral form and cleavage. 
Fine crystals are abundant, but they are almost nniversally of modified 
or irregular forms. These are formed especially in shale, whose yield-
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ing substance. permits tl~eir growth, or in cavities, 'or crevices, where 
the deposition is sparse. 'Vhen the deposit is m~.ssive, the hlende is 
usually disposed in compact layers or assumes a rudely botryoidal 
form, with a radiant internal structure, often marked with ·concentric 
bands of lighter and darker hues. In certain situations it takes the 
form of stalactites, travers~d along the center by a'n irregular opening, 
along which some galena is often distributed. These special forms 
will be subsequently described. 

A very interesting form occurs at ~iiffiin, kt1own as "Strawberry 
Blende." It consists of an aO'O'reO'ation of small crystals, which have o.-, o 

evidently grown out from a common center, projecting their points in 
all directions, forming a sort of burr, or berry-like accretion, not 
inaptly named "Strawberry Jack." Galena sometimes forms a part 
of the aggt~egation, and must have grown simultaneonsly \vith the 
blend e. These "berries" were formed in soft clay- a circumstance 
that favored their symmetrical development. 

Blende may be prodnced artificially from solutions of its com­
pounds, especially the sulphate, through the agency of decomposing 
animal matter. It seems also to have ·been produced by volatilization 
and recondensation, as in the case of galena. It has also baen pro­
duced by gaseous combination and by subjecting heated zinc oxide, or 
silicate to sulphur vapors. It is not impossible, therefore, that in 
some instances blende may have a vaporous origin, and the practical 
question is, whether the conditions under which we find our deposits 
were such as to admit of this method of formation, and hence the 
critical attention of the reader is invited to those conditions as they 
shall hereafter be sketched. 

The fo1·ms which the ore presents should also be kept before the 
mind, such especially as ~'Strawberry Bien de'' and "Speckle Jack," 
formed throughout soft rock, and, even more particularly, the stalac­
titic growths. 

Pyrite, Yellow Iron PyPites, "JJ:f.nndic," "Fool8' Gold," Iron 
Bisulphicle, "Sulph1.!Jr," Sulph.?.tret of lr·on. This mineral of many 
names is commonly known among the miners as "sulphur." It con­
sists of iron and sulphur in the atomic ratio of one to two, or by 
weight of 46.7 _of iron and 53.3 of sulphur. It attracts unive.rsal 
'attention by its bright, brassy color and splendent metal1ic luster. 
The name "fools' gold" suggests a long chapter of high human 
expectations, passing off, like the mineral, in acrid smoke, when 
tried by fire. Pyrite crystallizes on the cubic basis and takes a 
mnltitude of modified forms. In our region, it almost always ap­
pears in aggregations where the forms of the several constittient 
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FIG. 5. crystals are constrained and obscured by the et:t­
croachment of their neighbors. · These aggregated 
crystals often diverge from a common point,-giv­
ing rise to a beautiful radiate structure, and where 
the individuals are densely crowded, the axial lines 
of growth induce a fibmus texture, though this 
is more especially chat·acteristic of marcasite. 
Pyrite occasionally takes a stalactitic and stalag­
mitic form. In the former case the crystals are 
gathered about a small central tube that extends the 
entire length of the stalactite, growing out at right 
angles from it. giving a beautiful crystalline 
surface. A singular specimen of this kind, in 

STALAcTITE oF rY- my possession, consists of a stalactite reflexed 
RITE HECUUVED 'UPON 
ITsELF. upon itself as shown in the adjoining cut. The 
two adjacent portions are firmly ·grown together. Its situatiou 
and attachments when found are unknown. 

Figure 6 represent.s an interesting group of FIG. 6. 

irregulat· stalactitic growths of pyrite attached 
to a· base of blende, from JYiarsden Mine, Ga­
lena, in the possession of R. D. Salisbury. 
. Pyrite very often occurs as an incrustation, 
either.of the walls of, cavities, adhering directly 
to the rocks or coating various minerals pre­
yiously deposited, thus the same sheet fre­
quently overlie's galena, blende and calcite, en­
wrapping all in a common resplendent sheet of 
crystals. The incrusted minerals present per- Gnoor oF STALACTITEs 

feet, unchanged surfaces showi~g that the con- ATTAcnEn To BLENDE. 

ditions under which the pyrite was deposited were not incompatible 
with their preservation, as certain heights of temperature and the pres­
ence of certain heated gases would be. Pyrite also occurs abundantly 
in 6heets beneath and between the other ores, and in accumulations 
apparently replacing them in their lateral extension, and also in iso­
lated and scattered aggregations. 

Iron pyrites may be formed artificially by the slow deoxidation of 
iron sulphate by organic matter in waters containing carbonate or 
other salts of iron in solution. Pyrite is abundantly found in the most 
recent sediments as well as in the medieval and most ancient strata, and 
it is· certain that it has been formed nnder the ordinary conditions fnr­
nished by accumulating sediments, and in these instances not dne to 
thermal agencies of any kind. Its prevalence in bitnminons coal, oil-
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bearing limestone, and pyroschists is p1'i1na facie evidence of the. 
absence of heat, and its distribution throughout massive and :imper­
vious beds of clay make it irrational to attribute its origin to thermal 
waters. It will scarcely be questioned by any competent stndeut of 
the subject, that, at least, the vast majority of pyrite fonnd in the 
sedimentary strata was formed under the ordinary circumstances of 
those formations, and without such special agency as heated gases or 
:vapors, thermal waters, physical disturbances or volcanic influence. 
Pyrite does not habitually volatilize when heated, but undergoes 
decomposition, giving off snlphnr and leaving a magnetic residue 
which, when formed at moderate tern peratures, is allied to pyrrhotite. 
Indeed, pyrrhotite, and not pyrite, is the form of hon sulphide, if any, 
that would presumably be formed through the influence of igneous 

·agencies, and its occurrence in nature in the lava of Vesuvius and 
mainly in crystalline rocks perhaps lends some support to this sugges­
tion. Nevertheless, experiments seem to show that heated vapors and 
gases may combine to form pyrite, and that some metalliferous depos­
its may arise from ~nch a source, with or without the aid of steam. 

In the case in hand the question is: Could the fonris above indi­
cated, e. g. the stalactites, have been formed by either gases, vapors or 
ascending hot waters? 

Pyrite frequently replaces fossils, retaining, very perfectly, their. 
form and surface markings. These are quite cornn~on among the 
shaly deposits in the zinc- bearing beds of the lead region. 

Marcasite, l1·on Bisulpltide, fVl~ite Iron J>yrites. As this min­
eral is not gene1·al1y distinguished from pyrite, the same popular 
terms, ''sulphur," "mnndic," etc., are applied to it. It has the same 
composition as pyrite, their main difference being in crystallization, 
the pyrite being cubic, and the marcasite, orthorhombic, and in physi­
cal properties, the marcasite being usually whiter and much m01·e 
prone to decomposition. It has a greater tendency to take the fibrous, 
radiated, crested and saggitate forms. A.t several localities in the 
lead region it is much disposed to assume small, internally radiant, 
hemispherical forms, completely inclosed in blende, or in a combina­
tion of blende, galena and pyrite. 

Aside f1·om these peculiarities, the remarks upon pyrite are gener-
ally applicable to marcasite. · 

Chalcopyrite, Copper Pyrites, Yellow Copper Ore, Copper-iron 
Sulphide. This ore consists of a double sulphide of copper a:1d iron, 
the three ingredients weighing nearly the same, namely: sulphur 34.0, 
copper 34.6, and iron 30.5. It somewhat closely resembles iron pyrites, 
bn.t differs from it in being softer, so that it may be cut with a knife, 
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while pyrite is so hard as to Rtrike fit•e with steel. ·It usually has a 
deepe1· yellow color, more inclined to be iridescent and to tarnish, but 
these color distinctions are of uncertain value as tests. 
· Its crystalline system is tetragonal; but it is still ~ery closely iso· 
morphous with pyrite which conforms to the cubic system. In .the 
lead region this mineral is mainly found in tnassive forms and these 
larg~ly changed to the carbonates, malachite and azurite. Theoreti­
c~~ly,. chalcopyrite can probably be forrned in either of the ger~.eral 
methods heretofore named. 

Manganese Sulphide, Alabandite.~ From the presence of man­
ganese oxides in forms that are evidently secondary, and the fact that 
the oxides of the associated metals are unquestionably derivatives 
from original sulphides, it is highly probable that there was, and 
doubtless, in the deepet· lodes still is, some compound of manganese 
and sulphnr. N 0 specime~1S of it haVe· been identified so far as 
known. 

Calcite, Calc Spar, 7Yf', Calcium Carbonate, Oa1·bonate cif Li,me. · 
This mineral derives its main importance in this discussion from the 
fact thr.t it is so abundantly and so intimately asso~iated with the pre­
ceding ores. It is at times deposited beneath, between and upon then! 
all, and, perhaps we shall be justified in concluding, strictly contempo­
raneously with them all. Our final views of the method of deposit 
must therefore be such as to permit of the deposition of this mineral 
simultaneously with the others. Calcite cor~sists of a simple combi­
uation of carbonic acid and lime, forming usually transparent and 
white ci·ystals. At linden and some other localities, beautiful pink 
specimens are found, and gray, cream and amber colors are uot un­
common. It cry~tallizes accorcling to the rhombohedral system, and 
perhaps surpasses all other minerals. in the number of modified forms 
which it assumes. In the lead region the varieties popularly known as 
"dog~tooth spat·" and "nail-head spar" are the most pronounced. 
Occasionally large openings in a lode, lateral cavities and even small 
c.averns are brilliantly lined with these spars. A fine instance of this 
was found at the Linden J\Iine, from which W. T. Henry, Esq., raised 
and distributed a series of magnificent specimens. At Crow Branch, 
where the calcite grew in a soft, clayey shale, the crystals and crystal­
line aggregates assumed a very great variety of odd, unusual forms, 
d.ue apparently, to the half-yielding, half-confining nature of the 
clay matrix. Agaric mineral or "rock milk" occurs at some of the 
mines as a c0ating on the walls, having been formed since the .excava­
ticms were made, and undoubtedly still in proeess of deposition. 

·In regard to the origin of calcite, it is one of the most familiar 
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facts of histori·c mineralogjr that it has been and is being formed 
almost every\vhere throughout calcareous rocks, by deposition from 
common lime-br;aring water at the usual temperatures and under the 
ordinary circumstances that prevail in the superficial strata of the 
earth. It is also a well-known, though a less familiar fact, that it is 
formed from thermal waters. On the other hand it is an equally 
familiar fac.t that calcite cannot- unless it be under the most extra­
ordinary circumstances- be vaporized, but that on heating, it decom­
poses, the carbonic acid passing off as gas, leaving caustic lime as an 
infusible residue. It may not be entii·ely safe to say. that, under 
extraordinary conditions of beat, pressure aud confinement, aided by 
superheated steam, a deposit of calcite migAt not he formed from the 
vap~rons state, but snch an instance must be placed among phenome­
nal occurrences, and, I think, will be admitted to be qnite inapplicable 
to the case in hand, when all the attendant circumstances are duly 
considered. 

Dolomite, Pea1·l Spar, Brown Spar, Bitter Spar, JJ1agnesian Oar­
bonate if Lime, Octlchtm--MagneshtAn Carbonate. This is a double 
carbonate of Hme and magnesia in the ratio of 54.35 to 45.65 and, like 
·calcite, crystallizes in the rhombohedral system: It resembles calcite, 
but may be conveniently distinguished from it by its more feeble 
effervescence in cold hydrochloric acid. Notwithstanding the fact 
that the lead-bearing formations are composed of highly magnesian 
limestones, indeed almost massive dolomites, pure crystalline dolomite 
is not abundant in the ore-bearing crev_ices and op2nings, nor indeed 
in the Silurian formations of the state. This seems to be due to the 
greater solubility of the magnesian carbonate by virtue of which it 
remains in solution in the depositing 1iquid while the lime carbonate 
crystallizes out. 

Quartz, Silica. ·This is one of the most common of minerals, oc­
onrring in almost eve1·y formation in greater or less quantities. No 

. extensive formation is known in which its chemical eqni valent, silica,· 
is not present, and nothing is wanting to the production of quartz but 
the conditions necessa~:y to concentration and crystallization. Snch 
conditions are almost universally furnished by hot waters and the 
widely distributed alkalies. If thermal waters were the agency that 
deposited the ores and associated minerals of the lead region,. it 'vould 
be· presumable that quartz would form a prominent c,"Onstituent of the 
deposit, especially as the surrounding and underlying formations, as 
well as those in which the waters are supposed to have been heated, 
contain an abundance of it. As a matter of fact, however, it is SCi> 

rare as to he no.tahle for its absence~ The lead-bearing crevices and 
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openings frequently lie in beds thickly charged with cherty flints, in 
the very cracks of which tl1e ores are often deposited, while below lie 
the upper and lower silicious sandstones aggregating a thousand feet 
in thickness, through which aY1y supposed hot waters would pass in 
reaching the lead-bearing horizon. rrhe absence of quartz under such 
circumstances presents a difficulty of some magnitncle. 

Barite, Barytes, Heavy Spar, Barium) Sulphate, Sulphate of Ba­
ryta. Composition: sulphuric acid, 34.33; baryta, 65.67. )3a~·ite 

ci·ystallizes in the orthorhombic system, but, in the lead region, it· 
. almost al·ways appears in massive aggregations, occupying the same 
sit~ations and relations to the ores that calcite does, indeed, iri many 
instances, it seems to be literally replacing,it, the calcite being grad­
ually dissolved away and the barite taking its place. It is only 
abundant at a few localities, and it is an interesting fact that in its 
distribution it is essentially confined to the eastern portion of the re­
gion. In respect to the possibilities of its origin, nothing opposes 
the view that it might under supposable conditions be formed. either 
from cold or hot solutions. There are difficulties in the way of sup­
posing it to have been volatilized or to arise from gaseous combina­
tions, since barium sulphate is not, under ordinary conditions, volatile, 
its tendency under heat being to reduce to the sulphide which is com­
petent to resist a high degree of heat. 

CLASS II.- Secondary Minerals . 

. The foregoing constitutes an msentially con1p1ete list of the min­
erals that seem to have been originally dep_osited in the crevices, 
cham hers and soft strata of the lead-beat:ing formations, where we 
now find them. Cm·tain portions of the deposits have, however, 
~1ndergone transforinations since, and have given rise to a class of 
derivative minerals to ·which the following belong. 

Sulphur. Native sulphur, though. not abundant, is occasionally 
found in the lead region· in the pulverulent or minutely crystalline 
fot·m in crevices or small cavities in the mi~es. It is undoubtedly 
due to the decomposition of the iron sulphides, pyrite and marcasite. 

Melanterite, Copperas, Iron Vitriol, G1•een Vitriol, Sulplwte of 
Iron, Iron Sulpl~ate. This well known substance is occasionally 
found in the vicinity of decomposing marcasite, or pyrite, from 
whose oxidation it unquestionably arises. · It is also abundant in. 
heaps of exposed pyritiferous debris from the. mines, where it forms 
rapidly. In such situations it usually takes the form of an efflores­
cence of fine white fibrous· crystals, or a light-colored, filmy" coating. 
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This, of course, is. soon dissolved and washed away, or is fui·ther 
oxidized into the iron rusts. 

Alum. Among the. effioresceat material attending the decompo­
sition of the imn sulphides there are yellowish coatings and minute 
fibrous crystallizations, of bitter astringent taste, that are probably 
iron-alum, but I have not tested them. 
· Hmnatite, Red Iron Ore, Red Ocher~·, Perowide of Iron, Ji'e'rric 
Oxide. This 1nineral, in the form of red ocher, and occasionally as 
a psendomorph after pyrite, is present in cqnnection w~th the lead 
deposits, but not in sufficient quantity to give it of itself any impor· 
tance. It is mainly of interest, as showing the changes the lode 
minerals have undergone. The presence of bright red ocher ~:is 
regarded by the miners as an unfavorable sign, indicating, as they 
express it, that ''the ore has been burnt out," a not inappropriate ex­
pression, if its real significance be rightly understood, since the pyrite 
seems to have been '' bur,ned," in the chemical sense of oxidation, 
first to iron sulphate and then to red ocher. How much of this red 
ocher is really the hematitic variety, known as turgite, is not fully 
ascertained. 

Limonite, B1·own lie·rnatite, Yellow Ocher, lf.1JrZ.rated Sesqui­
oxl:iie of Iron, Hydrous Ferric Oxide. This occurs more abundantly 
than hematite, taking the form of yellow or brown ocher and rust. 
It consists of iron. oxide chemically combined with water, and owes 
its origin, so far as this region is concerned, mainly to the oxidation 
of the iron sulphides, pyrite and marcasite, whose forms it often 
retains. 

Siderite, Spathic Iron. Ore, Black Tiff, Iron Carbonate. It is 
merely worth noting that this ore of iron occurs occasionally, and is 
known as "black tiff." Whether it belongs to this group of derived 
minerals, or was originally deposited in the fissures in the present 
form, I am unable to judge from the little known about its occurrence,· 
but incline to the former view. 

Cerussite, White Lead Ore, Lead Carbonate. This ore of lead 
occurs in small well-fonned ~rystals attached to galena, and also as a 
white coating replacing the exterior of galenite crystals and occasionally 
taking the place of the entire mass. In the latter cases, it is mani­
festly due to the change of the lead sulphide to the lead carbonate, 
probably through the intermediate state of the sulphate,- which would 
doribtless be the immediate result of the oxidation of the sulphide and 
which, in turn, might be reacted n pon by the alkaline or earthy car­
bonate.s held in solution in the percolating _waters, thus producing tl1e 
carbonate. The crystalline fo11ns may be supposed to have the same 
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origin, save that the sulphate served to transfer, so:newhat, as well as 
to transform the changing ore. 

A.nglesite, Lead Sulphate. This mineral is of rare occurrence and 
is, undoubtedly, in all c~ses form~d from the sulphide, galena, by OX· 

idation. It would doubtless be more abundant but for the fa.ct that 
when lead sulphate is formed ft·orn the sulphide in the presence of 
water carrying the earthy carbonates, as lime and magnesia, the latter 
react npon the lead sulphate forming lead carbonate (cerussite) and 
lime or magnesian sulphate. A.s these earthy carbonatea are abun­
dant in the waters of the region, it is not remarkable that we should 
find the lead carbonate instead of the lead sulphate as the usual prod-

- uct of the change. We do, however, occasionally find it in cavities in 
the inter.ior of galenite crystals, where there has been little exposure 
to general circulation. It is too rare, however, to merit attention be­
yond the interest it possesses as a way-mark of the changes the ore 
has undergone. o · 

Smithsonite, "Dry Bone," Zinc Carbonate. Composition: car­
bonic acid 35.2, zinc oxide 64.8. vVhen pure the ore would, therefore, 
yield 52 per cent. of metallic zinc. 

This ore very rarely appears in the lead region in its 'crystalline 
form -rhombohedral- but assumes various shapes accordi~g to the 
circumstances of its situation. · The most common is an irregular 
cellular strnctnre· not unlike the open porons part of the interior of 
bones, whence the miners' name ''dry-bone." A more exact com­
parison could be made with the tufaceons forms assumed by lime 
when deposited from calcareous springs or seepings. It also forms 

· coatings and crusts over the surface of surrounding rock or ore and 
thus frequently simulates a cryttalline form it does not possess. It 
not unfrequently thinly· coats calcite crystals, after which, the latter 
are slowly dissolved away and smithsonite takes its place, forming a 
species of pseudomorph. These are quite common near Mineral Point. 
More r·a~·ely, similar pseudomorphs after galena and other minerals 
are found: It occasionally presents the charactedstic forms of blende, 
hut this is due to derivation from the blende rather than replacement, 
as in the preceding cases, indeed these pseudomorphs after blende are 
among the proofs that the smithsonite in general is derived. from the 
blende. Other evidences are found in the fact that, with the greatest 
frequency, the exterior of a mass is found to be smithsonite and the 
interior blende, and the line of junction is such as to force the convic­
tion that the blende is changing into the smithsonite. Equally con­
vincing is the ~act that the "dry-bone" is found almost exclusively 
above the permanent water level, ·where atmospheric agencies are· 
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active, and oxidation finds suitable conditions, while in the sr..me 
crevice, below the water level, blende is found, the two occupying the 
same relations to the other minerals of the crevice, thus indicating 
clearly that they are but parts of what was odginally a continuou·s sheet. 
Jn the change of the lead and iron snl ph ides to oxides, or carbqnates, the 
material was scarcely moved from its original pooition,"except :mch part 
of it as was entirely carried away, but in· the change from zi_nc sulphide 
to zinc carbonate, the product was often in part removed slightly so as 
to be distributed over surrounding objects, as previously indicated; in 
othet· words, there was slight transportation, as well as. chemical 
transformation. This seems to imply an intermediate state bet~veen 
the zinc sulphide and the zinc carbonate, and this satisfies the theo­
retical presumption, that the zinc sulphide would first become, by 
oxidation, zinc sulphate, a very soluble compound, which, through the 
agency of the earthy and alkaline carbonates, present in the watei·s, 
would be changed to zinc carbonate and redeposited, son:;te little trans­
portation' taking place in the meantime . 
. The smithsonite is usually somewhat impure from the presence of 

iron. oxide and earthy substances. The iron was probably derived 
from that contained in the blende, which doubtless underwent chemi­
cal transformation at the same time as the zinc and in a similar 
manner. Some may, however, have been derived from other sources 
in common with the earthy irnpurities. 

Hydrozincite, Zinc Bloom, Iiydrocarbonate of Zinc. Compo-
·sition: carbonic acid 13.6, zinc oxide 75.3, water 11.1, though the 
proportions somewhat vary. vVhen pure it contains about 60 per 
cent. of metallic zinc. This mineral is intimately associated with the 
preceding, and differs from it chemically in containing water as a 
constitutional ingredient. It occurs as· incrustations, mainly on 
smithsonite, and usually has a more close texture and· clear translucent 
light color, and is more inclined to the stalactitic and botryoidal. 
forms. But it is often difficult to distinguish it by physical proper­
ties fmm smithsonite. It is often mistaken for the silicate of zinc, 
calamine, a name which was indeed formerly applied to it. Its origin 
is closely similar to that of smithsonite. 

Goslarite, Zinc Sulphate. This substance has only a theoretical 
interest, as I am not aware that any specimens of it have ever been 
collected in the Wisconsin lead region, and from its highly soluble 
nature there is no reason to think it exists permanently. There is 
little donbt, however, that it is formed in the decomposition of 
blende, and is a transition product in the chemical metamorphosiB of 
that 1nineral into smithsonite and hydrozincite_. 
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Malachite, Green Ooppe.r Oarbon~te. Composition: carbonic 
acid 25.6, copper oxide 69.2, water 5.2. When pure it yields 57:22 
per ce~t. of metallic copper. Just as the zinc and lead carbonates are 
form/3d from blende and galena by oxidation, so malachite is derived 
from copper pyrites. In the lea.d region it occurs mainly in small 
eartlJy masses, associated with the chalcopyrite, from which it is de­
r·ived, and associated with it in such a way as to leave no doubt as to . 
ite derivation. It' may be distinguished from the green earths, which 
are often popularly mistaken for it, by its pure verdigris color, by its 
complete solution in nitric acid, by the in tense blue colo~ of the nitric 
solution on adding ammonia and by the coating of copper that forms on 
any clean surface of iron or steel- ~s a knife blade- thrust into the 
solution. 

Azurite, Blue Copper Ca,rbonate, Blue ·J.1£alachite. Composition: 
carbonic acid 25.5, copper oxide 69.'2, vmteL· 5.2. When pure it con­
tains 57.22 per cent. of metallic copper, or in other words is identi(jal 
in composition w!th malachite. This beautiful n,tineral occurs in 
clusters of small crystals lining drusy cavities of the mixed copper 
ores in the ~fineral Point region, being intimatel)r associated· with 
malachite and chalcopyrite, from the latter of which it has, unq nes­
tionably, been derived, in a manner analogous to the preceding 
carbonates. 

Gypsunt, "]->laster," Lime Sulplwiie, .l£ydrous Calcium Sulphate . 
. This mineral is of rare occurrence in the region, being' only known to 
·occur occasionally as the :filliug of small fissures. It has some theo­
-retical interest, howevet·, since the decomposition of the metallic 
sulphides has1 doubtless, given rise to con::iiderable quantities. But,, 

·being slightly soluble, it has been borne away, except in the rare 
instances of its preservation. This involves the solution and removal 
of an equivalent quantity of limestone, which, in part, accounts· for 
the openings in which the ores are found. · 

Pyrolusite, Wacl, Black Manganese Oxide. Composition: ·man­
ganese, 63.3; oxygen, 36.7. A blr.ck pulverulent substance, often 
called "black ocher," is occasionally found in the mines. It some­
times forms coatings on calcite, or· othei· minerals, and occasionally 
fills small fissures, bnt rarely occurs in any notable qnantity. In its 
minutely divided state, it is very light, and thqs is liable to give the 
impression of being the residual "ash" of some mineral, supposed to 
be consumed. This is not, however, what is commonly known among 
the miners as "minerai ash," or, at least, not the only substance so 
known. · 

Professor Whit_ney remarks on t~e scarcity of manganese in the 
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1ead region, as well as the Lake Superior district, as something notice· 
able, an observation to which some little interest may attach from its 
harmony with the general tenor of our views, as hereafter expressed. 

II. THE AREAS WITHIN WnmH THESE MINERALS ARE FouND. 

1. Tl~e General Area. . The West Platte Mound is a notable elent· 
· tion, standing nearly ·on the fourth principal meridian and about 

eighteen miles from the southern limit of Wisconsin. If one were to 
s~and upon ~his mound and sweep a circle with a radius of forty miles, 
it would cover all the notable lead mines of ~he upper Mississippi 
valley. The trivial exceptions would be those near Exeter and Mon. 
roe. If this circle· were compressed on the north, the southeast and 
the southwest, so as to be somewhat triangular, it would mo~·e cor­
rectly represent the form of the productive area. If the circle were 
reduced to a radius of thirty miles, it would still include all the 
richer mines. 

This territory embraces the southwest corner of Wisconsin and the 
adjacent portions of Iowa and Illineis, but by far the greater portion 
lies in the "Badger" state. The center of productiveness of this area 
lies somewhat to the south of the center of geographical distribution. 

To the south and southwest, for aught that is known, the lead de­
posits may extend beyond these limits, for the lead bearing strata are 
concealed by later formations. · To the north the.Y may have once ex­
tended farther, for the strata have been mainly worn away. From the 
fact that the lower formations of tl~at region are more metalliferous 
there than elsewhere, and· from general considerations, that will ap-

. pear in the sequel, there is reason to believe that they did so and that 
the primitive lead region extended considet·ably north of the vViscon­
sin river. To the east, the deposits gradually dwindle away, till only 
a few pounds and, at length, but an occasional hand specimen of 
galena, or blende, is found, though the lead-bearing strata stretch on­
ward without. notable change of character. The same may be 
said, essentially, in respect tl) the southeasterly and northwesterly 
extensions. 

If a metalliferous disposition in the lower st1·ata is any ground for 
presumption, it is not improbable that the original region of deposit 
may have been elongated to the northward, but fnrther than this, I 
know of no evidence that the primary deposition extended beyond the 
area above indicated. 

2. Other General Areas. Before discussing more minutely the 
Wisconsin lead region, it may be serviceable to glance over the conti­
nental basin with which this region is intimately united in geological 
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history, and bring· into view the several similar metalliferous areas. 
The most noteworthy of these lie in :Missouri, and__:_ disregarding 
some scattering deposits of little consequence- may be regarded as 
constituting three quite well defined districts. These lie respectively 
in the southeastern, the central and the southwestern portions of the 
state. Recent discoveries have extended the latter into the adjacent 
portions of Kansas. South of these areas, SC'.attered through the. 
northern portion of Arkansas, there are detached an9- feeble deposits 
that, as yet, at least, have assumed little importance. The most s0l1th­
ern, and perhaps the most important, lies near Little Rock, in the 
ceuter of the state. Near the mouth of the Cumberland river, there 
are a few deposits in ICentncky and Illinois that form a somewhat iso­
lated and interesting, though economically unimportant, group. Slight 
deposits also occnr near Franklin, Kentncky. In eastern Tennessee 
and northwestern Georgia there are a number of scattered deposits, 
though uone of them possess much richness, nor are they clustered 
geographically or geologically, so as to constitute a well defined met­
alliferous district. In eastern Pennsylvania,· northern New Jersey 
and eastern New York, there is a line of scattered mines running 
nearly north and south, pa!·allel to the belt of metamorphic rocks of 
the region. There are also a few deposits clustered auout the base of 
the Adirondack highlanjs. In a similar. way, a few lodes are· dis­
tributed along the margin of the Archrean districts of Canada. 

The distribution of all these is presented to the eye on plate 000. 
The smallet~ deposits of the Appalachian and Canadian regions are 

· necessarily somewhat exaggerated, relatively, for the sake of distinct 
presentation. 

3. Tlw Special Dist1•icts witl~irb tl~e Lead Region.- Returning to a 
more careful consideration of -the Wisconsin Lead Region, it is bnt re­
iterating an old and established ·fact to observe that the mines are not 
promiscuously distributed over the \vhole territory, but arc clustered 
into districts, or "diggings." The country between these distrkts has 
thus far proved nearly, or wholiy, nnpt;odlictive and has received' the 
name "barren" territory. The occurrence of occasional dispersed 
1nines and small deposits or "indications" of ore has led some to the 
hope, if not belief, that these intermediate areas would in the course of 
future developments prove productive. While it is not at all improb­
able that the present mining districts may be extended, and new ones 
discovered, yet in a candid diset1ssion of the sn~ject, we must face the . 
fact that within the last twenty-five years or more, no new districts 
have been developed and no very marked extension of the limits of 
previous mining districts has resulted from continued exploration. 
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Indeed, it is asserted that all the present "diggin~gs ".were discovered 
within five years of the first earnest mining operaticms. If the mines 
wet·e situated in portions of the strata better exposed than elsewhei·e·, 
that might be presumed to accorint for these facts, but in ·reality the 
productive areas are no better exposed than the unproductive, nor any 
differe~t1y. exposed. The whole region is free from glacial drift and 
is only covered by a moderate depth of resid·ua~ day, so ;th'at the strata 
are readily accessible in all parts of the region. And~ furthermore, 
this clay being derived from the decomposition o'f the rock itself; often 
indicates the metalliferous character of 'the rock, by containing "float 
mineral," or ·other evidence of ore deposits, s·o that, even where the 
clay has considerable depth, we are not entirely without some indica~ 
tion of the character of the sn bjacent rock. As the strata are fm~thm:­
more carved into deep. va1leys throughout the whole region, thus 
affording abundant means of observation and exploration, it is quite 
certain that the present practical.limitation of the mines to circum~ 
scribed districts, accords with tne real facts of deposit, and that there 
are really productive and· unproductive areas. This is not saying that 
alrthe productive areas have·yet been· discovered, but the negative ex­
perience of a score or more of years will not permit us to found anj 
vi~ws, either theoretical ·or practical, on any other assumption tha1i 
that our present knowledge represents the truth, viz.: that the ores 

·are only found in richness in certain limited areas, while the rest of 
the region is hut little more metalliferous than areas of the same strata 
elsewhere. This being admitted, the locations, arrangement and geo­
logical relations of these mining districts become subjects of impor­
tance, and give rise to some knotty problems, among which not the 
least difficult are the causes of this localization of the deposits and 
the reasons why the given localities were the favored ones -questions 
we shall attempt to answer during the course of the discnssio·n. 

If we resume our central station on Platte Mound, we shall find no 
mines in our immediate vicinity, but, within two miles to the sonth­
westward, diggings appear, and four miles distant is the centei· of the 
rich Platteville district. This, embracing· the village in its midst, 
extends thence two miles northward. and, with intervals, about tln:ee 
miles sonthwest·ward. To the east and -\vest there are detached lodes, 
and to the southeast a scattering line of mines stretches away to Elk 
Grove and Strawberry diggings, somewhat more than six miles dis­
tant. .Five miles south of Platteville lie the Big Patch diggings, 
ancf abont three and one-half miles west on the opposite side of tl1f~ 
Platte valley are the circumscribed 'Vhig diggings, while three miles 
be.rond are the unimportant Brush Ridge deposits. Between all 
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these and the central Platteville district there are intervals that have 
as yet proved unproductive. . 

If, still retaining our position on the mound, we lift our vision· 
across both the Platte valleys and extend it to the vicinity of the 
Mississippi, it will rest upon the Potosi district that, in productive­
ness, has held a high rank. Its air line distance is about seventeen 
miles. The main mines are closely gathered about Potosi village. 
The Dutch Hollow diggings on- the northeast are separated by only a 
slight int~n;_va1. About ·a mile north of these are the mines of Britisl~ 
Hollow and these lead off to the northeast, toward the minor diggings 
of Rockville, Pin Hook and Red Dog. ·Taken with Potosi, these 
form an elongated district stretching northeast and southwest' about 
six miles in length and two in maximum width. 

About eleven miles northwest of this, and about twenty-four miles 
nearly due west from Platte Mound is the Beetown district, embracing 
the Mnscalunge, Nip-and-tuck and IIacketts diggings, as well as those 
of Beetown proper. These are somewhat closely connecte~ by inter­
mediate minor deposits. An inter\'al of about three miles lies bet\veeJ_t 
the easternmost of the Beetown lodes and the ·unimportant ones of 
Hurricane Corners, and about two miles north of these lodes and four 
miles from the former are the isolated Pigeon diggings. Westward 
from Beetown are occasional small mines reaching_ as far south as 
Cassville, and north to Glen Haven and Gutenberg on the west side 
of the Mississippi. But none of these have attained importance, and 
the Beetown district may be considered the most westerly heavy 

·deposit ·of the lead region. 
Looki~g northward from the mound about nine miles, may be seen 

the ore district about the head of Crow_ Branch, which on]y embraces 
a few scattered ranges. Fourteen miles north are the Wingville mines, 
a thick little cluster of lodes. ·Three miles farther north is the con­
centrated patchy deposit of Centerville, and four miles farther, or 
twenty ·miles from the mound, the rich ranges of Highland. These 
are the most northerly productive mines in the region. 

Sweeping a little to the eastward, Mifflin, with its single group of 
rich ranges, lies within seven miles of our elevated station, and nearer 
at hand the unimportant South Mifflin diggings. Beyond, and more 
easterly, lies Linden, twelve miles distant, a group not well defined. 
To the westward, and northward from the main Linden lodes, less 
:important mines extend three miles or more, while to the southeast­
ward there are at intervals of a mile or less diggings that connect the 
IJinden with the Mineral Point district, six miles distant. Among 

VoL. IV.-26 
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these: intermediate mines, those of Diamond and Lost Groves are' th~ 
more important. . . 

The :Mineral Point district, one of the most important of the 
region, centers within the city limits. Thence it extends about two 
miles south, but is quite sharply limited on the east and west. 
Northwestward, as already stated, scattering lodes connect it with the 
Linden diggings. In a similar way, detached groups of mines lead 
north to Van ~ieter's Survey, a not~ble cluster of rich ranges. Pass­
ing an interval of less than two miles, we· are within the Dodgeville 
district. This really consists of two sub-districts, one lying within 
and northwest of the city~ the other beginning about a mile east and 
extending thence eastward and northward abont four miles. About 
two miles farther east are. the Porter's Grove diggings, and about ten . 
miles beyond the Mo~1ndville mines. In the interval there are some 
de~ached "patches" and small diggings. The Moundville mines lie 
near the base of the 'Vest Blue Mdund, and mark the extreme north­
easterly extension of the productive lead deposits. They are distant 
thirty-three 1niles from our center of view on Platte ~.found. 
· Looking to the eastward about eleve.n miles, are the mines near 

Calamine, which consist of several groups of small ranges scattered 
along the Pecatonica, nearly as far south as D~rlingto~. Northeast· 
of Calamine ·are a few mines on Duke~s Prairie, and five ·miles east.of 
tl1is are the Yellowstone diggings, which scatter on to the vicinity ·of 
Blanchardville. More to the south are the detached deposits near 
Argyle, and, still farther, the compact Wiota district. Still more dis~ 
taut to the east are the Monroe and Exeter mines, the most easterly 
of the lead region, the latter being forty-five miles dne east of Platte 
Mound. 

Still reta'ining our elevated outlook and turning to the southeast, 
we see, at a distance of sixteen miles, the rich, interesting Shullsburg 
district. The ridge just beyond the town is thickly dotted with heaps 

of debris, marking the rich deposits of that favored location. .A little 
detached from . these, on the northeast, are the Irish diggings, that 
s~retch away toward Stump Grove, three miles from Shullsburg. 
West of the place, mines occur at short intervals as far as the Benton 
and New Diggings districts. Beyond Shullsburg are the isolated 
Stopline diggings, and over the line, in Illinois, those of Apple. River, 
and still farther, the abandoned lodes of Babel, marking essentially 
the limit of deposit in that .direction, at a point about twenty-eight 
miles from Platte }found. 

Turning directly to the south, we look down upon the minor mines 
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near Elk Grove, already allnded to "in connection with the Platteville 
district. Beyond, ove~ an interval of about three miles, lie the in­
teresting deposits at Meeker's Grove. Four miles. beyond, S\\rindler's 
Ridge, the nnclens of the Benton district swells tlp into a well 
rm;tnqed p:·ominence. . It is lu\.rdt<? ~et defi,nite lir~i~s to. this d_is.trict, 
since mines are scattered at intervals eastward all the way to Shulls­
burg, southeastward to New Diggings and thence onward to White 
Oak Springs, and southwestward to Hazel Green and beyond. These 
districts may perhaps properly be regarded as one complex district 
with several rich centers. Swindler's Ridge, already alluded to, the 
rich gronp of mines immediately south of the village . of Nmv 
Piggi ngs, and the remarkable cl nster near Hazel Green, may be re­
gaJ·ded as such centers, all having yi.elded very rich returns. Around 
and between these, mines of less avet·age richness ~re dispersed, in a 
mn.nnet· that does hot prese.nt any conspicuous natural gronping. 

Passing over the state line into Illinois, there is a thi?k cluster of 
lodes about Vinegar Hill, on the west side of Fever river, while or~ 

the east side, there is a more disconnected line of mines, stretching 
southeasterly to Council Ifill station and a little beyond. 

Following down the Fever river, we encc•unter the notable minas iri 
the vicinity of Galena, and beyond, the famous Marsden lode. 

A dozen tniles southeast from Galena, over an interval occupied by 
Upper Silurian rocks, is the Elizabeth district, lying in the valley of, 
Apple River. This constitutes the most southerly group of mines, 
being a ·little over thirty miles from the Platte Mounds. 

Again resuming our 'statio11 on the west mound and turning to the 
south-soutlnvest, and .looking directly over the little cluster of mines, 
extravagantly dubbed Big Patch, at a distance of. about fourteen miles, 
we see a very regnlar parallel group of lodes known as the Upper Me­
nomonee district Sonth of these, two miles, are the Lower Menomoue~ 
diggings, and beyond these. only a slight interval, and e.ven this occupied 
by a few ranges, lie the Fairplay mines, notable like the Upper Menom­
onee ran.ges for their prevailing parallelism. From the extremity of 
these, it is less than five miles across ·the Mississippi to the well-known 
Dubuque mines. Beyond these the galena limestone is buried beneath 
later formations and is inaccessible, so that, whatever may be its 
metalliferous character, the Dubuque district is the practical limit of 
the mining ar.ea to the southwest. 

We have thus swept rapidly over the ore field for the purpose of· 
picturing to our minds the general distribution of the metalliferous 
deposits. Bnt we have not pansed to consider the special nature of 
the ores, nor theit• individual distribution, a subject which now claims 
our attention. · 
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III. TrrE, SPECIAL DISTRIIJUTION OF TH~ SEVERAL ORES. 

1. The lead ores are prevalent throughout the entire district recog­
nized as the lead region:· Ori 'the ndrtl1·they do not reach as far as· the 
iron and copper deposits, that we shall find reason to associate with 
the already recognized district. Rut within the lead region· proper 
there is no sub-district, indeed I am not aware that there is a single 
lode, that does not contain some galena, though in many cases it is 
greatly subordinate to the zinc ore. The general distribution which 
~1as already been sketched will therefore represent the areal disposal 
of the lead ores. · 

2 . .Dist-rib·ution of the Zinc Ores. In.considering the zinc-produc­
ing areas, a qualifying circumstance should be borne in m,ind. In 
the main these ore$ occur in lower beds than the galena, or, to be 
more specific, in the lower layers of the Galena limeRtone, and in th~ 
Trenton that lies beneath it. These lower horizons are not exposed 
in many of the districts, and have not been reached in mining, and, 
consequently~ nothing is known as to their metalliferous character. 
For aught that has yet been demonstrated, these lower horizons may 
be productive in zinc in districts where mining in the· upper strata 

·has, thus far, only produced lead; so that, what may be said, concern­
ing the distribution of the zinc ores, will be understood as referring 
to demonstrated deposits only, and subject to possible-and I think 
probable- extension, by the development of deposits in the lo,~er 
heds. · 

The zinc ores develop their gt;eatest importance in the northeastern 
portion of the region, the shipments from Mineral Point much ex­
ceeding those from all other districts combined. Besides the deposits 
in the immediate vicinity of Mineral Point, there are Yery important 
mines at Mi:ffiin, Linden an_d Dodgeville, with some of lesser account 
in the intermediate region. In the extreme northern portion of the 
mining region are found· the deposits of Highland and Ce~terville. 

On the western side of the area deposits· have been developed in the 
Beetown and Pigeon districts, though most of the mines -of that 
region do not reach the usual zinc-bearing beds. On the south bol:'der, 
the great Marsden mine, below Galena, produces mostly blende, and, 
with others in that region, completes the evidence that the zinc ores 
are not, as formerly supposed, confined mainly to one side of the 
i·egion. At Shullsburg, New Diggings, Benton, Hazel Green, Meek­
er's Grove, Platteville, British and Dutch Hollows, Crow Branch, and 
other points in the interior of the region, zinc has been found in 
quantity. 
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It appears, there~ore, that it occurs in notable amount in all the 
leading mining districts, except Potosi, Fairplay and Dubuque, and 
in these, the lower beds, where it commonly abounds, have not been 
exploited. The progt·ess of mining has shown the ores of zinc to be 
more widely and richly prevalent than has been heretofore supposed, 
and the evidence justifies the belief that this metal occupies the lower 
beds throughout the entire region. It~ doubtless, does not always sus­
tain a definite relation to the amount of lead formed in the upper 
horizons, so that it would be unsafe to assume that where there have 
beei1 rich deposits of lead in the higher beds, there will be found cor­
respondingly rich lodes of zinc in the lower. It certainly wonld be a 
great praetical point gained if such relations could be established, but 
at -some points there are quite large bodies of zinc ore, where there is 
an absence of evidence· that much .lead ever existed in the crevices 
above, an·d, on the other hand, there have been notable deposits of 
lead in the upper beds and but littl~ zinc in the lower, so far as ex­
plorations have shown. 'Ve shall have occasion to recur to the sub-

. ject. In this connection it is sufficient to entertain the general 
,view, that, while the. richer known deposits are found in the Mineral 
Point, Highland, and Galena districts, the zinc ores have a wide, if 
IlOt universal, distribution over the entire region. 

3. Distribution of tlze Copper Ores. These, like the zin~ ores, 
usually occur in the lower horizons. Mineral Point is the only 
locality within the recognized limits of the lead region where they 
occur in any such amount as to give promise of economic value. 
·But, in small quantities- of no industrial consequence, but of some 
theoretical interest- copper has been found at Dodgeville, Center­
ville, Beetown, New Diggings, Buncomb, Shullsburg, Jamestown and 
near Wiota. 

To· the north of the lead region, as usually limited, in Crawford, 
Richland and Vernon counties, there are a number of deposits, 
worthy of consideration in this connection, detailed mention of which 
will be found in :Mr. Strong's report in this ·volume, pages 56 aud 
69-72. Associating these with those of the lead region, though the 
former occupy a lower geoiogical horizon, it may be broadly asserted 
that the COIJper is distributed through the eastern and northern por-
tions of the extended ore region. · 

· 4. Dist'ribution o.f the Iron OreB. · It is not to be inferred from 
the diset1ssion of ·the iron ores here, or elsewhere in this· report, that 
they exist in any such amonnt, or in· such form, as to .be valuable as 
sources of iron, except in the region nort~1 of the Wisconsin river. 
While the pyrite and marcasite may be utilized as sources of sulphur 
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compounds, they are here considered, not on account of their industrial 
but of ~heir theoretical importance. While iron, mainly as sulphide, 
is widely distributed throughout the Silurian formations, yet in this 
region it exists in unusual quantity and in. such close association with 
the lead and zinc ores as to require attention in any comprehensive 
study of the metalliferous deposits. . 

Like the zinc and copper, it abounds mainly in the lower beds and, 
furthermore, its distribution is very closely similar to that of the· zinc. 
}Iost abundant in the Mineral Point, Linden, and ·South Galena dis­
tricts, it also abounds in the zinc-producing mines of Mifflin, Dodge­
ville, Highland, Beetown, Crow Branch, Shullsburg, ·Meeker's Grove 
and, less notably, elsewhere, indeed quite universally. The close asso­
ciation of iron and zinc suggests that the conditions favoring their 
deposit were probably identical, and that, therefore, the cause of 
deposition is to be found in circumstances common to both. It is 
worthy to be noted here that, as in the case of copper, there exists a 
considerable region stretching to the northward, wherein iron ore is 
much more than usually abundant; indeed, so much so, as to becom~ 
valuable as a source of the metal. The area includes western Sauk, 
Richland, Vernon and Crawford counties, a district about forty by 
fifty miles in extent. These deposits lie in lower beds than most of 
·the known deposits of the lead 'region proper, but, the higher beds· 
being wanting, we still regard them as significant of a common metal-
liferous area. 

5. JJistrib·ution of Heart'Y Spar. As this substance is but ~ery 
rarely recognized in the Silurian formations of the territory adjacent 
·to the lead region, its presence and distribution are worthy of passing 
notice. Like the preceding minerals, it is most abundant in the 
northeastern districts, as Mineral Point, Dodgeville and Linden. It 
also occurs in considemble quantity at Meeker's Grove and at some 
points in the Benton district. It has also been observed north of New 
Diggings and at Scales 1\'lonnd, Dubuque, and Gutenberg, Iowa. 

llecapit1.tlation. It may be said, in summary, that the lead ore is 
distributed throughout the whole region, as commonly limited, but is 
gathered somewhat most richly in the son thorn portion; that the zinc 
ores, abounding in a lower horizon and presumably less fully disco\·­
ei·ed, are scattered widely over the region, but gathered most thickly 
in the northeast; that the copper is sparsely distributed, only attain­
ing notable proportions in the northeast and the region beyond the 
Wisconsin river;· that the iron ores have essentially the same distribu­
tion as the zinc and, besides., a north ward extension, like the copper 
ores, and that the baryta predominates in the northeastern section.' . 



THE STRATA "'WITHIN WHICH THE ORES ARE FOUND. 407 

Concerning the region north of the lead district proper,. it is to be 
remarked that the deposits are in lower members of 'the Silurian group 
than those chiefly metalliferous in the main lead district~ these latter 
having been removed, but the d~posits are still not without signifi­
cance, since eleven localities bearing lead, seven bearing copper and 
t\v'enty-fonr bearing iron in sufficient quantity to be worthy of official 
notice have been examined in that region. 

As similar deposits are not known to exist to the northeast, east and 
southeast, on the one hand, nor to the west and n~rthwest on the 
other, though the same strata are exposed, it seems proper to associate 
the not·thern portion with the richer metalliferous area. If this be 
done, it nearly doubles the north and south dianieter of the area, and 
gives the whole an oval outline with its longest axis in the meridiaB. 

IV. TnE STRATA WITHIN WHICH THE OREs ARE FouND. 

It only concerns us here to recall the general features of the strata. 
involved in our discussion and such special characteristics as bear upon 
it. Fuller descriptions may be found in their appropriate places in 
the oth01· rolnmes of the series. 

FIG. 7. .. ' 
.... d 

PnoFILll: oF STRATA OF LEAD REGION.· n, Archrean. b, Potsdam sandstone. c, Lower Mag· 
nesian limestone. d, St. Peter's sandstone. e, •rrcnton limestone. f, Galena limestone. g, Hud­
son or Cincinnati t!hall!s· h, Niagc~ra limestone (mound). 

A. 1. Galena Limestone ( .Dolomite).-The main lead-bearing 
formation consists of a Htra.tum of magnesian limestone about 250 
feet in thickness, l)Ting nearly horizontally and forming the upper· 
most rock thronghont the greater part of the region. From· its min. 
eral content it is known as the Galena limestone. The amount of its 
1nagnesia is essentially equal to that of the lime, reckoned atomically, 
rendering the ~ock really a dolomite. But as this is equally true of 
the barren ~u·eas of the formation on every side, this fact of dolomiza­
tion seems to have no special significance here, though in 'Missouri, 
acc01·cling to Dr. A. Schmidt (Geo. Survey of lVIo.~ '73, '7 4, p. 405), there 
is at ~east a coincidence, if not a genetic connection, between the dolo­
mization of certain limestones and the deposition of the ores. In our 
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region dolomite crystals of secondary origin, even, are uncommon, ex­
cept as the'lining of small cavities, while calcite is abundant. 

The dolomiticrock usually takes an imperfectly crystallized grann-. 
lar form; so that it often presents a sandy appearance, especially 
where somewhat decomposed. · 
. In addition to the dolomite, thereis everywhere present a small in­
gredient of siliceous and aluminous material. While these are, to some 
extent, distributed throughout the whole rock, the clayey matter takes 
mair~ly the form of thin, shaly seams and partings dispersed through 
the beds or occupying the bedding joints. On the decomposition of 
the roc.k this mainly remains, because of insolubili~y, forming are­
siduary clay, which is abundantly, displayed in the snbsoil of the 
region and in the crevice filling in the mines. In both these situa­
tions, it is more or less mingled with undecomposed grains of dolo­
mite and particles of siliceous sandy material. 

The siliceous constituent of the formation is largely prone to as­
stime the form of chert, or flint, nodules which tend to arrange them­
selves in layers orbelts at certain hori~ons. These layers of flint are 
fairly constant over considerable districts, and serve as mining guides, 
but no single arrangement for the entire lead region has yet been dis­
covered, and the local variation is so great as to make it doubtful 
whether.a typical or standard section could be constructed, were the 
fullest data obtainable. The same is .true of certain sha1y seams, 
which, like the "gray shale" at New Diggings, furnish valuable local 
guides, bnt are not recognizable in distant mining districts. There is 
oftentimes a close association of the ore-bearing openings with these 
flint layers, but, so far as I can discern any causal connection, it con­
sists simply in the fact that the flint layers, in these cases, favor the 
formati.on of "openin,gs," which afford a snitable place for the depo­
sition of the ores; and·not that the flints have in themselves any di­
rect agency in causing the deposition. The connection is neYertheless 
instructive, and, as a local guide, is valuable. The interesting ::Musca­
lunge mines at· present furnish perhaps the best illustration of this, 
the "twelve-foot opening," the "false opening," and the "sixty-five· 
f.oot opening" are each closely associated with layers of chert. The 
first, at some points, is quite productiv~, the second rarely so:- while 
the third,. which lies immediately above a layer studded with ehert 
nodules, is the main productive horizon. The accompanying largE7 map 
of these mines, Atlas Plate No. XL, will show the regularity and per­
sistence of this horizon. But it must be prudentially observed that 
there are many flint beds that are not metalliferous, nor even associated 
w~th._ "openings,'·' and, on the other hand, there are many ore deposits, 
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a majority indeed, that are not associated with these nodules. Their 
significance as local guides must in the main be determined by obser­
vation, but our conclusions will, we hope, somewhat assist in under­
standing the rationale of practicfl.l experience in this regard. The 
chert, in the general average, is more abundant in the middle and lower 
portions of the formation. The shaly material is quite decidedly most 
prevalent near the base of the formation. 

The texture of the rock, though universally granular sub-crystalline, 
varies in compactness, the firmer parts being interspersed with spots 
of softer, porous, sandy portions which, on exposure, weather out into 
irregular pits that give the rock a rough, ragged, rotten appearance. 
These softer portions are frequently replaced in whole, or in part, by 
cavities and these are frequently lined with calcite, dolomite, and, in 
the metalliferous districts, by pyrite, blende and galenite -a fact of. 
some siguificance in considering the origin of .the ores. Owing to its 
granular crystalline texture, the rock, as it disintegrates, usually falls · 
into a dolomitic sand, and, on further decay, gives rise to a loamy 
clay. Both of these arc ·common constituents of the filling of the· 
lead-bearing crevices. 

On the exterior, the Galena limestone is a dirty gray, or buff' color. 
Below the immediate surface, it is commonly a warm buff, while in 
the interior of large compact masses, and at depths beyond the active 
penetration of atmospheric agencies, it is blnish gray. It is suf­
ficiently obvious that the whole rock originally possessed the la~te1· 

hue and that the buff color is due to the peroxidation of the iron dis,.. 
seminated through the rock and thus marks the depth of the effective 
penetration of atmospheric agencies. Undoubtedly oxygenation has 
taken place at greater depths, but it has not reached the stage of com-. 
plete oxidation of the iron compounds, indicated by the bright buff" 
or light gray color. The line dividing the upper buff portion from 
the lower bluish portion corresponds very nearly to the subterranean 
water level. As thet·e will be occasion to refer to this subject, it wiH · 
be convenient to designate the upper portion the zone of oxidation. 

Viewed in respect to its massive. structure, some portions of the 
formation seem to be distinctly brecciated, while other portions, not 
so evidently so, arc fonnd, upon more critical examination, to be made 
up of fragments imbedded in fine material of the same composition .. 
Other portions at~e more nearly homogeneous. These characters, takerr 
in connection with the variety and broken condition of the fossils, seem 
to indicate cleat·ly that the rock accumulated in comparatively shallow 
water, at least within reach of the forcible action of the waves. The beds 
commonly range from one to four feet in thickness, but are occasion-

. -: .· 
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ally thinner, ~specially near the top and bottom of the formation, and, 
on the other hand, are sometimes consolidated into masses of much 
greater thickness that do not manifest distinct bedding joints. As just 
indicated, fossils are comparatively rare. An occasional Receptacu­
lites Oweni, popularly known as "lead fossil" or "sunflower coral," or 
a somewhat more rare Lingula quadrata or JJfurcliisonia bellicincta, 

·or, in favored situations, an Orthis or Stroplwmena constitute the fos­
sil fauna, so far as it is usually identifiable. Fragments of shells are 
more common, and obscure traces of organic remains are sometimes 
quite abundant. The cavities of pulverulent portions sometimes give 
the impression that they have arisen from the decay and removal of 
large fossils, but this can rarely be proved. The surfaces of certain 
layers are thickly strewn with the rounded branching forms of sea 
weeds. The multitude of these would seem to indicate great luxuri­
ance of marine vegetation. This is further rendered pt·obable by 
layers and seams so highly impregnated with hydro-carbonaceous 
matter that, when heated, they take fire and burn with a bright flame. 
There is, of course, no direct proof that this arose from fossilized 
fucoids, but from the apparent abundance of these remains, this view 
seems most probable. For the purposes of this discussion, however, 
it is only material to emphasize the fact that, notwithstanding the 
rarity of distinct organic remains, there must have been an abund­
ance of life, since the carbonaceous matter could have arisen from no 
other supposable source.. When this is thoughtfully considered, the 
very absence of distinct fossils, indicating conditions adverse to the 
preservation and accumulation of organic remains, will enhance our 
estimate of the amount of life that must have existed during the 
accumulation of the beds, for, in addition to all that was lost by 
mechanical comminution and chemical decomposition, a sufficient 

. amount remains to afford notable combustion .. 
2. The Mounds. Above the Galeqa·limestone, save the residuary 

clays derived from rock-decomposition, we find in the lead region only 
the "mounds" and remnant patches of Silurian shale. The mounds, 
around which the popular imagination has gathered much that is 
mysterious and potential in ore deposition, are simply rernnan ts of 
l1igher Silurian strata left by the erosion of the ages that has eaten 
away the rest of these formations. The basal portion of the mounds 
is formed of the Hudson river, or Cincinnati, shales and their sum­
mits are formed of a protecting cap of highly siliceous Niagara lime­
stone. It is the exceptional hardness of this defensive crown that 
has caused these portions to withstand the waste of time, while the. 
formation on every side has been eaten away. · All that is phenomenal 



THE STRATA WITHIN WHICH THE ORES ARE FOUND. 411 

abont these mounds is. ~heir isolation and remoteness from the great 
body of the formation. A few miles beyo'nd the Mississippi on the 
west and beyond the Illinois line on the south, and, more rem')tely, to 
the east, on the farther border of the Rock river basin, the correspond­
ing strata form continuons rock sheets, spreading away in every di­
rection beyond the limits of present considemtion, and on the nearer 
margin presenting their worn and ragged edges toward the lead ~egion. 
On the skirts of these m·assi ve sheets of the formation there lie 
mounds precisely identical with the isolated ones in the heart of the 
lead region. That these skirting mounds have been separated from 
the adjacent beds by the \Vcaring away of the connecting strata is not 
~ifficnlt to comprehend where all stages of disseverance may be seen; 
but to picture these strata as formerly extending over the whole lead 
region, embracing the mounds -the only remaining portions -doubt­
less taxes the popular imagination more than to attribute the mounds 
to volcanic _or geyser action, or at least to some mysterious upheaval. 
But there is the most positive evidence that they \Vere not due to any 
of these exceptional agencies, but. are simply conspicuous features in 
that general system of carving by ordina1·y erosive agents which has 
given origin to the diversified Slll'face features of the whole region. 
The Niagara limestone and the underlying shales formerly stretched 
over the whole of the lead region and have wasted and washed away 
'Yith the drainage of the ages. No more mysterious agency than rainfall 
and its accompanying instrumentalities, acting through a vast lapse of 
time, need be invoked to account for these mounds, and none of the· 
more vigorous agencies usually appealed to has given evidence of 
existence by the slightest token. 

The Sinsinawa mound is about seven miles distant from the main 
body of the Niagara l~mestone, across the Mississippi valley. The 
Platte mounds are about twenty miles farther~ removed, and the Blue 
mounds about thirty miles beyond these, or about forty miles from the 
nearest margin of the main body of the formation. The Hudson 
river shales occur at intermediate points, as shown on Mr. Strong's 
maps, and, geologically speaking. bind these together. 

While the subject of the mounds is still before us, it may be fitting 
to remark that, near the Blue mounds, there are some minor lead de­
posits, but they are not clustered about the mounds nor do they pre­
sent any evidence of a genetic connection with them, or indicate by 
any kr1own 'peculiarity that 'they are in any way influenced by their 
nearness. In the immediate vicinity of the Platte mounds there are 
no mines. The Sinsinawa mound lies adjacent to the Fairplay dig­
gings, but. there is nothing in the nature of the credces, or ·their 
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metalliferous contents, that suggests any causal relation between them. 
The richest ore deposits are mainly remote from the mounds and ·mani­
fest no tendency to cluster about them, as they might fairly be pre­
sumed to do, were they in. any way causally connected with them. 

3. Trenton (Blue and Buff) Limestone. Bel9w the Galena lime­
stone, and closely united to it, lies the Blue limestone, followed below 
by the Buff limestone, which together constit~tte the Trenton group of· 
this region. So consecutively does this merge into the base of the 
Galena limestone, that it is quite difficult to tell where the dividi-ng 
plane can be most properly fixed. A general impression of the suc­
cession may be gained by conceiving the flints of the Galena to disap­
pear, its texture become more close-grained, its bedding thinner, its 
dolomite replaced _by simple limestone, and the argillaceous matter in:. 
creased, forming beds of clay and shale, two o~ three to seveml feet 
in thickness at points, besides frequent shaly leaves and partings. In 
the Buff limestone, at the base, the beds again become thicker, less ar­
gillaceous and more magnesian. It is difficult to give a detailed sec-· 
tion which shall be fairly representative of tbe region, because of the 
local variations of· the formation. Mr. Strong gives in volume II, 
page 695, a general sect! on, subject, of course, to many local variations. 
The term "opening," in this connection, signifies a clayey shale in-· 
terstratified with the regular sedimentary becls of the formation. As 
the word "opening" is also habitually used for actual cavities, and 
more commonly still for cavities filled with clay and sand, der.ived 
from rock-decomposition, and also to broken and decayed portions of 
rock, the use of the term to desiguate these interstratified clayey beds 
is unfortunate, because confusing, but it is too prevalent to be ignored 
or corrected. 

The "Green rock" differs from the Galena above mainly in a more 
argillaceous appearance, less coarse and rough texture, and in posses­
sing a greenish cast. When sufficiently well omarked to be readily 
identified, it furnishes a serviceable guide in mining. The "Green 
rock opening" is a group of shaly layers within this. This is not 
always present and, on the other hand, is sometimes the only portion 
that possesses a greenish cast. 

The "Brown rock'' is a granular crystalline magnesian limestone, 
irregularly stained, of a dark brownish hue and marked by an unusual 
amount of calcite (tiff) in lumps, seams and imperfect geodes, scat­
tered through the rock. The amount of magnesia falls much short 
of constituting the rock a dolomite. At the base of the" Brown rock" 
there is very commonly considerable carbonaceous shale interleaved 
with limestone. 
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The "Upper Pipe Clay opening" is the most important of the shale 
beds designated " openings" both in regard to its thickness and per­
sistence and its mineral-bearing character. At some points it is 
little more that a clay bed, at others it is a lamellar shale, and at still 
others, it is .largely limestone, and, in all these varieties, it is frequently 
quite carbonaceous. The typical "Glass rock" is a very pure crypto­
crystalline limestone of dark gray, verging toward chocolate hue. It 
owes its nan1e to its close texture and conchoidal fracture and its brit­
tleness and r~sonance. Irregular, undulating beds of similar consti­
tution occur at some points above. the "·upper pipe clay opening" and 
sometimes lead to a confusion of the two horizons. The term '"Glass 
rock" is ·also appli"ed to· associated limestone that does n·ot possess 
these characteristics and, as a general term, is used to designate the 
whole stratum that constitutes the Blue limestone proper. The upper 
surface of the typical glass rock, near Platteville, shows a smooth 
eroded upper surface with an occasional fracture of the npper layer 
through which the subsequent deposit penetrated, as represented in 
the accompanying figure. The amount of erosion is slight, but is in­
teresting and significant as to the conditions existent at the time of 

·its formation. 
FIG. 8. 
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PROFILES SllOWING EROSION OF GLASS ROCI{ BEFOIIE RECEIVING TllE NEXT LAYER OF TRENTON 

Lil!UJ:STONE. n, Glass Rock. b, Gmnulnr Limestone. 

Thr01ighout the bed of Blue limestone, carbonaceous matter is prev­
alent in the shaly seams and partings, and sometimes becomes a note­
worthy constituent of the mass. In some cases, when impregnated 

·with ore, it is bnrned in heaps for the sake of disintegrating the rock 
. and liberating the disseminated mineral. Three analyses of carbon­

aceous shale made for Mr. Strong, by Prof. Daniells, showed 15.76, 
18.31 and 43.60 per cent. carbonaceous matter. If any are inclined 
to attribute the lead deposits to igneous agencies, they will do well to 
consider that this carbonaceous matter yet retains its volatile elements, 
and that at a moderate temperature- much lower than the fnsion 
point of blende with which it is often impregnated -it gives off 
combustible gas. 

In the Bnff limestone ("Quarry rock") lying next below, we again 
find a dolomitic limestone of more even texture and regula·r, medium 
bedding, from which arises the utility that has given it its popular 
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name, "Quarry rock." Within it is found one shaly bed that is some­
what constant and occasionally metalliferous, and to which, the name 
"Lower pipe clay opening," or Buff limestone opening, is applied. 

Fossils are exceedingly abundant in the Blue limestone, and not no­
frequent in the Buff. The shaly layers .and partings, and the surfaces 
of the beds are most prolific. In the gh~~s rock tl~e preservation of 
the fossils is most excellent, surpassing that observed in the same, or 
adja~ent formations in this or adjoining states. Among these, brachio-: 
pods vastly predominate; Orthis and Strophomena being the leading 

. genera. It would transcend our purpose in this sketch to enter into 
detail in regard to the numerous interesting specific forms. It is only 
important to observe the great abundance and fine preservation of the 
fossils, indicating that the Tt·enton sea was prolific in life, and that 
the strata have not since suffered any such mechanical or thermal dis­
turbance as to dest~oy or even obscure them. From the fact that th~ 
carbonaceous matter sometimes assnmes a reddish, flaky, bark-like 
;form, it is presumed to have arisen from acccumulated sea weeds, 
abundant impressions of which occur in the. strata. 

The Trenton group varies rm1ch in thick11:e~swithin the lead region, 
the range being fr9m less than 40 feet to more than 100 feet, with the 
average probably about the mean between the two. The thickness in­
creases ·as the formation is traced a\yay from the region, while the 
Galena correspondingly decreases. The data at hand seem to indicate 
that this is due to a transition in the character of the lower Galena 
beds as they p::tss away from the low flat anticlinal, on the western 
slope of which the lead region is situated, toward the broad strati­
graphical depressions on either hand. I have shown in Volume II 
that in northeastern Wisconsin the Galena has become so transformed 

. as never to have been recognized heretofore as such, bnt referred 
either to the Trenton or Hudson river horizons, and a sirnilar transition 
is indicated by the reports of the Iowa and Minnesota geologists. 
There are somewhat definite reasons for thinking that the beds, which 
I have de::;ignated Upper Buff and Upper Blue, in the Rock river 
valley are the equivalents of beds referred by Prof. Whitney and. 
Mr. Strong to the base of the Galena in the lead region. The average 
combined thickness of the Trenton and Galena limestones, as indi­
cated 'by fonr artesian wells along the shore of Lake Michigan, is .a 
little less than 260 feet, from which it would appear that in the aggre­
gate the strata thin out in that direction. 

Viewed comprehensively, it appears that as the strata in question 
pass over the low flat arch that stretches southward from the Ar. 
chrean heights of Lake Superior, through the center of the state int,o 
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Illinois, the upper portion assumes a coarse, granular, brecciated, 
thick-bedded, cherty, dolomitic character, with ra:e and illy preserved 
fossils, but with abundant evidence in fucoidal markings and carbona~ 

. ceous shales, if not in the limestone itself, of the existence of a pro­
fusion of life in the depositing seas. The lower portion, on the 
contrary, became even finer in texture in some beds, remained largely 
non-magnesian and retained its fossiis in an exceptionally fine state of 
preset·vation and increased the amount of its carbonaceous matter, or, 
in other words, retained a larger organic element.. Bearing npon this 
point some of Mr. Strong's observations ai·e very snggestive (Vol. II, 
p. 682). "East of range three east, the presence of the Blue limestone 
is nowhere so clearly·marked as west of this line. It is usually rec­
ognized by the outcropping of a quant.ity. of highly fossiliferous 
fragments, scattered through the soil, having a worn and blea~hed 
appearance. East c:>f range three, the fbssiliferous Blue limestone was 
not found. It is replaced by a yellowish limestone containing but 
very few fossils, and in all respects similar to the Buff limestone. · The 
thickness between the Galena limestone and. St. ·Peters sandstone r.e­
mains as usual, about fifty feet . 
. "There are two exceptions to the foregoing general statement.· A 

short distance south of the center of Sec. 18, T. 1, R:. 6 E, the Bl'ue 
limestone reappears in its full thickness, with an· its characteristic 
fossils, but only covers a small area of ground. 

"The second exception is situated in the town of Mt. Pleasant, in 
Green connty, in the S. E. qr. of Sec. 11, T. 3, R. 1 E. It is known as 
the Marble Quarry, so named on account of the fine .polish which 
may be given to the stone. The Blue limestone has here the same 
thickness, both of the thin and thick beds, as in the western part of 
the lead region. All the· characteristic fossils are present, and in 
short, it presents all the usual lithological appearances. It appears 
to have been deposited in a basin-shaped depression, as the top of the 
St. Peters was found to be much lower here than anywhere in the 
vicinity. Although separated many miles from any other ontcrop of 
the Blue limestone, it is evident that it was deposited under the same 
conditions r.s in other localities." 

Additional evidence that the Blue limestone develops its most· 
characteristic peculiarities in local basins will be presented a few 
pages in advance. 

4. St. Peters Sandstone. Beneath the Trenton limestone lies the 
St. Peters sandstone. This formation is composed almost exclusively 
of well-rounded grains of quaetz sand of medium or rather coarse 
size. These are usually but feebly bound together by a very thin 
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coating of iron oxide or lime carbonate, so that the rock crumbles 
readily. At some points, however, it is firm enough to be a very 
serviceable building stone, of which "Redroe.k," below Darlington, Js 
~he most notable example, where the rock is impregnated with an ex­
ceptional amount of iron oxide. But, for the purposes of this discus­
f.lion, the formation may be conceived as an exceptionally pure siliceous· 
sandstone with a minimum of .calcareous matter and without inter­
f?tratified limestone or ·shale. Its limits above and below are sharply 
de_ijned, indicating abrupt changes in the conditions of deposition, 
both ~t jts ~o}llmepGernent and cl~se. There was ·formerly some little 
doubt as. to. its~marine origin, but its prevalent oblique lamination .and 
other physical characters strongly favored a sub-aqueous rather than a 
sub-aerial origin. Mr. Strong found ripple marks iri it, and Prof. 
WhlChell in .Minnesota and the writer in eastern Wisconsin found 
marine fossils, the former, ling?.tlaB, the latter, soolithus and fucoids, 
so that its marine origin is fully established. Aside from these rare 
fossils there is an absence of traces of organic life. 

In regard to its thickness an error of some importance was very 
prevalent anterior to our survey. The quotation, "A remarkable 
fact in connection with the upper sandstone is its uniformity of thick­
ness throughout the whole e_xtent of the Northwest," 1 may betaken as 
a t,ypical expression of the view then entertained. While the few 
measurements that had been made seemed to justify this conclusion, 
and while, if its local variations were averaged, there WOllld be some­
thing of general uniformity of thickness, the statement could scarcely 
be further from the truth when applied to the local details of the 
formation.· It is exceedingly varying in thickness, owing to the -nn­
even surface of the underlying Lower Magnesian limestone presently 
to be described. The upper surface undulates somewhat in harmony 
with the uneven base, but far less in amount and abruptness. Within 
the lead region the known variation is from about 150 feet down 
to about one-third of that, while in eastern Wisconsin, it ranges 
from upwat·ds of 200 feet down to zero, and shows variations of 100 
feet within a quarter of a mile. The irregularities seem greatest 
along the margin of the formation, and become somewhat subdued 
as it is traced away from the Archrean nucleus, about which the Wis­
consin. formations gathered. 

T~te sandstone is broken by irregular fissures that manifest a ten­
dency to tak'3 oblique directions and do not commonly traverse the 
formation in regular vertical seams, as is the habit .of the adjacent 
limestones. Owing to the porous nature of the rock, aided by these 

1 Geol. of Wis., 18132, p. 153. 
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fissm·es, it is an eminently water-bearing stratum, when it has not 
l.Jeen cut into and drained by the channels of streams. It is the 
source of. numerous artesian wells in eastern Wisconsin. These wells 
have abundantly demonstrated that it is the·passage-way'of a copious 
flow of water, and, if we entertain any view of derivation of the ores 
from below by igneous intrusion, rising vapors, or even thermal 
springs, we must· account for its passage across this underground 
stream of water. vVhile our limestones are. usually charged with 
water, there' i~ rarely an,y ·copious flow through them, but ft 'is quite· 
otherwise with the porous sandstones. 

A little 1ead ore has .been found in fissures in the uppermost layer 
of the sandstone at Crow Branch; as I .have pe~sonally verified, 
but it. consisted only of thin detached flakes in narrow seams. 

5. Lower lllagnes?:an -Limestone. Descending through the St. Peters 
sandstone, the Lower Magnesian limestone is encountered. This bears 
in some respects a close resemblance to· the Galena limestone. It re-

. sembles and, at the same time, exceeds it in being a coarse, rough, 
often brecciatcJ, thick-bedded dolomite. It is ~uch more siliceous than 
the Galena formation, containing not only numerous chert nodules 
("flints") but much silica, ·distributed th1·ough the mass or aggre­
gated in clusters of quartz crystals and. small irregular geodes. ·'!'here 
are occasional shaly seams, and quite rarely, sandy ones. It is quite 
thoroughly dolomized. Near the base of the formation, where it 
joins the Potsdam sandstone, it is much mingled with sand, and some­
times there are alternate beds· of dolomitic and siliceous rock, showing 
a gradual and vacillating. t~ansition from sandstone to limestone. 
Some of the sand gmins become centers of little calcareous concre­
ti~ns, giving the rock an oOlitic structure. . 

The brecciated condition surpasses that observed in the· Galena 
limestone.. This becomes ·most pronounced in the upper, but not 
immediately superficial, portion of the formation. The uppermost· 
beds arch over heavy masses of rock composed of limestone frag­
ments imbedded in finer limestone material apparently derived from: 
the wear of the fragments themselves. These appear to have consti-: 
tuted hillocks and ridges over which the later strata were deposited, 
giving the snrfaee a. highly undulating character. Du-ring the earlier 
deposition of the St. Peters sandstone these prominences were ·some-· 
what worn and the sandstone deposited on the irregular surface. As 
the result of these irregularities, the·Lower llfagnesian limestone varies 
in thickness from· 100 to 250 feet. . Mr. Strong observed that it fre- · 
qnently don bled its thickness within a distance of two or three miles. 
· Crevices, enlarged into openings, somewhat-after the fashion of the 

VoL. IV.-27 

'· 
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Galena limestone,. occur in the · formation and are sometimes lead­
bearing. So far as observed the openings are generally more irregnlar 
or cavernous, correspondent to the more uneven structure of the for­
mation. Neither this nor the variation in lithological character seem 
to the writer important considerations in determining the metalliferous 
character of the formation. 

Di~tinctly preserved organic remains are rare, but ·fragments of 
shells and impressions of sea weeds, if not the limestone itself, indi­
cate the prevalence of marine life in the depositing seas. If any car. 
bonaceous residue, analogous to that of the Trenton and Galena lime­
stones, has been left, it. has not been observed. 

6. Potsdam Sandstone. Beneath the I.-ower Magnesian limestone, 
there lies a deep body of sandstone forming the base of our westm·n 
Palmozoic series. The deep wells on the north of the lead region show 
that it reaches a thickness of about 1,000 feet. Owing to the irregular 
surface of the Archrnan rocks on which it reposes, no constant depth is 
maintained, but from the data available an average thickness of 700 
or 800 feet is fairly to be inferred. 

The great mass of the formation is composed of quartzose sand, 
cemented to moderate firmness in the upper portions, by thin films 
of iron oxide or calcareous matter, coating the constituent grains, 
while in the lower portions and some intermediate beds, it is very 
loose and incoherent .. ·Within the superior. one hundred feet of the 
formation, there is included a considerable body of arenaceous lime­
stone and calcareous shale, and, at lower horizons, within the upper 
half of. the formation, there are usually some clayey shales. The 
lower beds are comparatively free from calcareous matter, open, incp­
herent and coarse-grained. The details of these subdivisions do not 
concern us here. It is, however, of some theoretical importance to 
observe, as in the case of the St. Peters sandstone, but with more em­
phasis, that these are preeminently water-bearing beds, and furnish 
ready passage for a copious flow wherever a point of exit permits a 
discharge, as shown by the magnificent fountains at Prairie dn Chien, 
as W(31l as others both north and south of the lead region. Were the 
overlying rocks to be fractured, there would at once rush up from 
these water-bearing beds a vast flow of water, rising either to the sn.r­
face, or to the approximate height of the source in central Wisconsin. 
That the strata .are not thus fissured, is demonstrated by the existence 
of artesian wells, since a primary condition is that these overlying 
beds shall be impermeable to water. The force of this suggestion will 
be apparent to those who have given thoughtful consideration to the 
problems involved in this discn~sion. 
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In the region lying north of the recognized· lead region, the upper 
portion of this formation embraces some deposits <?f iron and copper 
that possess much interest and indicate that the formation is here 
:more metalliferous than else-.vhere. 

7. Arcluean Fornuttions. The foregoing Silurian strata repose 
nvon a firm crystalline floor, the Archrean rocks. The nppermost of 
these are presumably the fiuronian quartzites and quartz porphyries, 
that project above the surface in the Baraboo ranges· and are probably 
cont~uuons with similar prominences to the northeast; with the Barron 
county and the Sioux quartzites to the northwest and with the Mis­
souri q nartz porphyries to the south. Still beneath these thet·e should 
be found the yet greater body of the Laurentian schists and granites. 
These constitute the ''platform of syenite rocks," to which Dr .. Owen 
ascribes formative potency in the origin of the lead deposits. In any 
attempt to form a definite specific hypothesis, involving the derivation 
of the ot·es from a platform lying a thousand or more feet below, it 
should be home in mind that these rocks were metamorphosed and 
uphea,·ed into their present positions, in all essential J?articnlars; ages 
oifo're tlte I'otsdam sandstone was spread 'ltpOn tlwm. How much 
more, then, before the metalliferous limestones were formed, not to 
say, fissured and filled! No vague ideas of disturbance, or of the 
heat of upheaval c.an have weight with a thoughtful mind at this stage 
of science, unless it takes due consideration of the historical facts re­
lating to the formations involved and the possible forces that can have 
·participated in the ore deposition at the time, and under the con­
ditions, existent when the deposit took place. The g1·eat metamorphic 
formations are, "broadly considered, metalliferous and may fair.Jy he 
looked upon as ultimate or immediate ~:;ources of ore-derivation, bnt 
·some definite conception of ways and means is obligatory upon any 
who would find in them the origin of our lead and zinc deposits. 

B. Undulations of tlte ~trata. 

In his preliminary reports, Dr. Percival called attention, with some 
empha!l.is, to certain "centers of elevation " which apparently he 
deemed to have some significance.1 ·Precisely what views· he enter- . 
tained cannot now be 9-etermined, but he seemingly regarded these as 
evidences of forcible.mechanical disturbance that had some causal con­
nection with. the ore deposits. Mr. ~furrish, also, in his report as 
commissioner for the survey of t~e lead i.·egion,2 lays very great 

1 Annual Report, 1855, pp. 8-9, 22-26. 
2 Annual Report, 1871. 
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stre.ss upon a great- north and south "axis . of physical· "disturbance," 
crossed by subo.rdinate east·· and west ax-es. He, however, makes but 
the most meager attempt to present the necessary definite evidence of 
the existence of any such "axis of physical disturbance," and subse. 
quent ob~ervers have beeri unable to· find anything worthy of snch 
designation along the lines indicated by him. 

Whatever may be the prepossessions of: any one in regard to these or 
similar views, the character of the stratification can scarcely fail to 
have some significance, and therefore deserves attention. 
· Strata may depart from a perfectly plane and· horizontal · attit11de 
from two entirely distinct· c:;tuses: 1st, irregularities of deposition, and 
2d, mechanical disturbance. The first is altogether ·too much over. 
looked by inexperienced and nnskil~ed observers. An arcbjng or dip· 
ping rock is too often hastily assumed to be an instance of upheaval, 
and ".volcanic force," that great resource of the tyro, invoked to ex­
plain it: It will be our duty to discriminate, as sharply as possible, 
between the unevennesses of the strata of the lead region arising from 
these two causes. 

I. Undulations due to· deposit·ion. Between the time of the up­
heaval and metamorphism of the Archrean rocks and· that of their 
burial under the Potsdam sat1ds, there intervened a vast interval of 
time, during which the surface of these roc'l\s was worn down several · 
thousand feet, at the most moderate estimate. This worn surface, 
from the unequal hardness of its rocks, became very irregular and; as 
the sands were spread over it, they in some measure partook of its ir­
regularities, so that the P~tsdam beds were never perfectly plane or 
·horizontal. But, by the time theone thousand feet of this formation 
had been accumulated, the minor undulations had, in the main, disap­
peared nnder the leveling action of the ocean. The base of the Lower 
Magnesian limestone was, therefore, nearly plane and horizontal, as 
far as can be ascertained, save such swells and depressions as are com­
mon to extensive tracts of submarine sands. Bnt for reasons some· 
what extraordinary in their nature, the accumulation of the upper 
:portiOI~ was very irregular, resulting in an uneven, billowy ~urface. 
In ·eastern Wisconsin, where this irregularity is most strikingly dis­
·p]ayecl, there is abundant evidence th~t the phenomenon is due to dep· 
osition and not to upheaval. It appears to me probable that it was 
caused by a retirir1g and advancing beach, after the lower beds were 
f6rined, the waves eroding their surface, breaking and heaping up the 
ft·agmental material in mounds ~nd ridges, and, at length, by a deep­
ening of the sea, depositing a mantle of more homogeneous layers over 
the whole, giving it the remarkable swelling; billowy surface it pos-
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Besses. In the lead region; the undulations were more distant ~nd 
massi \'e than in the typical region cited. Upon this uneven surface, 
·the St. Peters sandstone was laid down and, while its tendency was to 
level np the irregularities, it .did not entirely accomplish this, but left 
~ somewhat undulatory surface for the reception of the Trenton at:td 
.Galena limestones that followed in deposition. The inevitable result 
was irregulat·ites in the thickness and variations in the constitution of 
these formations, for the fine and light ·material, the clay, comminuted 
·rock and organic debris, necessarily d'rifted into the depressions, while 
the coarse and heavier remained on the m9re exposed swells of the sea 
botto~. It is also q uife apparent that the fossils in these depressions, 
because of their less exposure to wave action, were more perfectlY. pre­
·served from mechanical destruction and, by the finer a.nd more comp:;tct 
character of the rock, protected from chemical decomposition. The 
.true" glass rock" seems to have been formed from impalp~ble calcare­
ous p.owdet· that could only have collected under quiet conditions. 
Doubtless the chat·acter of the deposit was affected by the depth of the 
ocean and the character and direction of the currents, Lnt the worn 
npper surface of the rock, above figured, shows that it 'vas not uni­
formly beneath the action of the waves. The observation of Mr. 
Strong that, as this rock grades away into that prevalent to the east­
ward, it is last. found retaining its peculiarities in a basin, is quite 
significant in this connection. 

Conditions favoring quiet deposition seem .to have prevailed quite 
extensively throughout the le·ad region during the formation of the 
Blue limestone, and that formation, thongh varying in thickness and 
character with the conditions of accumulation, yet spread· like a thick 
undulating blanket over the bottom of the sea and still left a surface of. 
low swells and sags, on which the Galena limestone accumulated. This, 
like the preceding, was, therefore, necessarily somewhat undulatory . 

. It is evident, fmm its constitution, that it was formed under less 
.quiet conditions, and that, at times, its surface was subjected to the 
forcible action of the waves, by which brecciated beds were formed, 
with accompanying irregularities of accumulation, analogous but 

·far inferior in degree to those of the Lower Magnesian limestone. 
l-Ienee its irregularities are due partly to the une\·enness of its floor 
.and partly to irregular accumulatjon. Doubtless the Galena.limestone 
left an uneven surface for the .accumulation of the shales that overlie 
it, but as these have been almost completely swept away by snLse­
qnent erosion, it is impo8sible to verify it by observation except in a 

·few instances. 
It appears, therefore,. from these facts, and a thoughful oonsidera-
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tion of the subject, that irregularities in the :floor of a formation, 
arising from any cause, tend to propa.gate themselves upward through 
the accumulating strata, but with c0ntinnally less and less force, o,,~ing 
to the leveling action of the waves o'n the sediments. The subduing 
effect of sandstone is doubtless much greater than limestone, because of 
the shifting nature of the material, and. because this material must orig­
inate from the shore and be carried backwards by wave acti.on and cur­
rents, leveling the bottoni as it goes, while the material of limestone may 
accumulate from animal remains growing essentially in situ. In·egu­
larities of bottom, however, affect the action of currents, and so make 
themselves felt upon sand accumulation, and thus propagate themselves 
through such formations where the thickness is moderate. It would 
appear, however, that, in the growth of sediment, the points of great­

m,t prominence and depression, might not lie exactly over the corres­
ponding points in the beds beneath. For, suppose the irregularities 
to consist of a parallel series' of alternating ridges and troughs, and 
that the prevalent action of 'the ocean currents is at right angles to 
these, and from one side predominantly. The main accumulation on 
the ridges will not lie on their immediate ct·ests, but somewhat beyond 
jn their lee, and the adjacent slope of the depressions will retain 
more sediment than the opposite sides which are exposed to a more 
forcible action of the current. So that there will be a certain drift, 
so to speak, of the prominences and depressions in the dit·ection of 
the prevailing currents. This matter will seem less trivial in the out-· 
come of om· discussion than it may in 'its connection here, simply as 
a part of a consideration of the undulations of the strata of the 

region. 
II. Undulations d·ue to disturbance. But are all the undnlations 

and sloping and arching attitudes of the strata due to canses affecting 

the original deposition'~ 1\fanifestly not. The strata on the north side 
of the lead region are 500 feet higher than those on the son th side 
and, if traced further, the difference in altitude would be found greater. 
Beds on the eastet·it side are 350 feet higher than on the west side. 
Now, from the nature of some of these beds, it is evident that they 
were formed in essentially the same depth of water and her1ce their 
present inclination is due to subsequent tilting. The extreme altitude 
of the· region at present is over 1,700 feet above the sea. .Mak­
ing a very rnoderate allowance for denudation, it may be ronndly 
asserted that these strata ·stand 2,000 feet higher than they did 
at the close of their deposition by the ocean. Their present sloping 
attitude shows that they were not lifted bodily to this bight, but 
arehed · upwards. A general study of geological history shows that 
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this was not done at a single push, but by os~illating stages at 
su~cessive times. It appears that the strata were .first slightly lifted 
near the close of the Upper Silurian period, but subsided somewhat 
by the middle of the Devonian. Reelevated before, or at the close 
of the Devonian, they sank away again· during the Carboniferous, 
but were reel eva ted to a greater· bight at its close. They settled 
back again during the Cretaceous, but were pushed up once more 
at its close, and immediately preceding or at the commencement 
of the Glacial period, they ~ppear to have stood higher than at 
present. There· is direct evidence that the Mississippi river formerly 
ran in a channel about 100 feet lower than its present one, and the 
fact that the Rock river, a tributary, once :flowed in a channel at least 
250 feet lower than its present bed, is presumptive evidence of a 
former still deeper cluinnel. The bed of Lake :Michigan is more than 
300 feet below the ocean level and, without attempting to settle with 
a passing assertion the mooted question of the. origin of the Great 
Lake basins, and, while conceding, and, indeed, claiming for glaciers 
much erosive power, it is yet safe to conclude, fl'om demonstrated 
glacial movements, that there preexisted valleys s.ufficiently deep and 
capacious to conti'Ol the direction· of the glacial currents. Such val­
leys seem to imply a greater elevation of the land as ~" condition pre­
cedent to their excavation. Taken with other phenomen::t, that sup­
port this view, the whole, ~hile not entirely demonstrative, justifies a 
confident belief in a former greater elevation of the land and that the 
region has since settled back somewhat. 

The question now arises, by what agency and n1anner of movement 
has this been accomplished~ These elevations and depressions were 
parts of great movements profoundly affecting the whole or a large 
part of· the continent. In other regions where the movements were 
more pronounced, it is demonstrable that the agency of upheaval was 
lateral pressure, presumably due to the cooling and consequent con­
traction of the earth. There is convincing, though less striking, evi­
dence of similar import in the region under consideration, as will ap­
pe.ar in the sequel. This pressure, acting edgewise on the strata, 
caused them to arch upwards in certain regions and downwards in 
others, according to their previo~1s attitude and strength. As the re­
sult of the~e :flexures a broad very low arch spans vVisconsin from 
east to west, having an axis running north and south, joining the 
Lake Superior heights on the one hand and, on the other, dying away 
into the plains of Illinois. So broad and ]ow is this arch that its exact 
summit is determinable only by accurate measurements of the alti­
tudes of the strata. For a broad area on the summit they are prac-
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tica1ly level. Eve~ on the sides of the arch, the dip only attains abo'l~ 
30 feet to the mile. 

Corresponding to this low anticlinal there is a broad synclinal de­
pression underlying Michigan on the east and a similar one under 
Iowa on the west. 

The axis of the Wisconsin arch lies nearly in the center of the state 
and passes along the eastern margin of the lead region. The sides of 
the arch do not form a single simple curve but undulate slightly, 
forming snbordinate parallel axes of limited extent. By comparing the 
cast and west sections on Atlas Plates XVI, XVII, it will appear that 
one of these·slight undulations occurs near the fourth principal merid­
an.. This. appears to broaden and become lost to the north, while it 
becomes scarcely traceable to the south, and has not been detected in 
the southern part of the district. This is the "north and south axis 
of elevation" upon which Mr. Murrish has laid so mnch stress 1• 

He regarded this as "a line of physical disturbance" of great potency 
in metalliferous deposition and held that it was crossed by subordinate 
east and. west "lines of physical disturbance" which ga\re rise to min­
eral belts. He. regarded this as the great north a'nd south axis of ele­
vation of the state, though the fact that the J!lain anticlinal axis of 
the state passes on the east edge of the lead region had been for some 
years the current possession of geologists. The strata on the eastern 
margin of the lead district are shown by Mr.· Strong's data to be 
roundly 200 feet higher than along the line of this exaggerated "axis 
of elevation" in the southern half of the lead area. While recognizing 
this as a very low gentle swell of the strata, it is altogether dangerous 
to safe and trustworthy conclusions to magnify its extent or import­
ance beyond what the simple facts warrant. Mr. Strong's section on 
Atlas Plate XVI, exhibits a more marked undulation at the head 
waters of the Grant river, but the profile on Plate XVII, shows no 
corresponding one on the north side of the Wisconsin river and the 
contour maps do not indicate any marked extension southward. 

·Notwithstanding the very evident fact of a broad low anticlinal 
arch extending southward from the Archrean heights of IJake Superior 
flanked by feeble undulations, it is a somewhat remarkable fact -that 
the general strike of the Archrean folds and the prevalent trend of the 
minor anticlinals of the Paleozoic strata are east and west. The 
manifolded Laurentian beds almost universally strike east-westerly 
with a northeasterly an_d southwesterly tendency. The Huronian 
strata show the same habit in Penokee range, in the quartzites of 
Ba.rron and Chippewa countiett, in the Marquette, Menominee and 

1 Do~ument accompanying Governor's Message, 1871. 
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Black River Falls iron ranges, in the quartzites and schists of the 
Wausau region, and in the detached quartz-.porphyry knobs of central 
Wisconsin and the Baraboo quartzites, within 25 miles of the lead 
region. The Keweenawan rocks were folded in a 'like general direc­
tion. The force which accomplished the flexure of these rocks was 
vast in its power, crumpling and compactl,y folding beds thousands of 
feet in thickness. So pronounced an exhibi~.ion of force naturally 
left the clearest evidence of the direction in which it acted, which was 
unquestionably meridional. If, for convenience, we regard the Lau­
rentian nucleus as a resisting center, then the folds south of it were 
due to a force acting horizontally upon the strata from the southward. 
The idea of such upheaval by a force acting directly from beneath,. 
though popnla1·ly· prevalent, is. practically obsolete with geologists, 
except in phenomenal instances. It must appear evident to any one 
who will give thoughtful consideration to the subject that any snp­
posable agency acting directly from· beneath mnst produce a conical 
elen'ltion ·and not a linear fold scores, or hundreds, of miles in length, 
and further that the mechanical effects wonld be tlie disrnption of. 
the strata and not that compacting which is observed. To pre\'ent. 
misapprehension, let it be observed that these foldings took place vast 
ages before even the lead-bearing beds were formed and have no direct 
connection whatever with the ore deposits. They are cited here 
simply to show the early- and as it will appear- the prevalent 
direction of the flexing forces that acted upon the region. 
~he Paleozoic strata suffered some very mild flexures in the same· 

general direction. Prof. Whitney and others have called attention to 
an elevation of the strata stretching along the north side of the lead dis-: 
trict and nearly parallel to the westward-flowing portion of the Wis­
consinrivel'. This terminates essentially, on the west, before reach­
ing the Mississippi, but eastward, it may be tmced nearly across the 
state. It is in no sense a sharp fold, but is only to be conceived as. 
a low linear swell of the strata. It seems to me quite evident that it: 
extended to the original surface of the complete sedimentary series 
and that it was probably produced when they were first lifted: 
from the ocean, because of the conformity of the drainage system to· 
it. When the surface was nearly plane, as at the. time of its emer-·· 
gence, a slight flexure would control the l_ines of drainage, which 
would not be the case when channels had been once well cut into the .. 
surface. A glance at the map will show that the Wisconsin river de-, 
scends the back of the central anticlinal of the state until it reaches· 
this transverse swell of the strata when it turns abruptly to the westward 
and passes around its extremity. rhere is satisfactory evidence that the' 
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Wisconsin river has always pnrsned this course; save some slight de­
flections produced by drifto agencies at its great bend and above. On 
the east, the Fox and Wolf rivers and their tributaries, by equally re~ 
markable cotuses, exhibit the results of the same determining in-. 
fluence. While the waters descending from the north are thus parted 
to the right and left by this ridge, thrown athwart their course, the 
Rock river gathers in the waters flowing from its south flank along a 
stretch of no less than 120 miles, or nearly its entire length. It is a 
somewhat remarkable fact that the :waters of the eastern half of the 
lead region, gathering into the Pecatonica river should flow so?.ttheast­
ward to Freeport, Ill., and then, turning to the northeastward, join the 
Rock within three miles of the 'Visconsiri line,. whence they return 
southwestward to the Mississippi. Light is thrown on this anomaly 
by the statements of Pt·of. vVorthen in the Illinois reports1 : "There 
are four othet principal axes of disturbance along the western and 
northern borders of the state, in addition to the one just mentioned, 
besides several of minor importance .. The most northerly one crosses 
the north line of· the state in Stephenson county, and intersects Rock 
river at Grand de Tom·, and the Illinois at Split Rock, between La 
Salle and Utica. This uplift brings the St. Peters sandstone to the 
surface on Rock riYer, and the ·Lower :Magnesian limestone (Lower 
Silurian) on the Illinois. Its general tren~ is from N. N. W. to S. 
S. E., and its extent southward beyond the Illinois has not yet been 
determined. It elevates the coal measures to the surface, in the 
vicinity of La Salle, from a depth of from three to four hund1·ed feet, 
thus showing· that the disturbance took place at a period subsequent 
to the deposition of the coal formation." 

If this axis be extended into Wisconsin it will be found to coincide 
with the watershed between these westerly tributaries of the Rock 
and those that descend directly to the Missi~sippi. Prof. Worthen 

has given good reasons £or thinking that the axis was not developed 
at. La Salle till after the Carboniferous period, and this seems. to be 
sustained by the fact that the Rock river maintains its course directly 
~cross the axis. Tl_lis it could· readily do if it had previously cut a 

· channel along its present line, for the upheaval was. presumably slow 
enough to permit it _to maintain its channel by the erosion of the ris­
ing barrier. But to satisfactorily explain why the streams of the lead 
region were turned eastward, as well as why this flexing at the close 
of the Carboniferous period occurred along this precise line, rather than 
elsewhere, it seems prerequisite to suppose that there occurred, at the 
time of the first emergence of the land, about the close of the U ppe1· 

1 Volume I. p. 5. 
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Siludan period, a slight arching along this axis sufficient to keep the 
waters on its east side until they reached the essential termination of 
the main Wisconsin north and south axis, when they passed ac1·oss 
and joined the Rock river. At the close of the Carboniferons period, 
that portion of this which was·nearest the Carboniferous basin suffered 
further and more ·considerable flexure, while the more distant portion 
seems to have remained mainly unafrected. It would seem probable 
that there was a northeasterly ridge, rnnning parallel to the vortion 
of the Pecatonica between Freeport and its junction with the Rock, 
and we are able to glean from the Illinois reports considerable collat­
ernl evidence that such was the case. This line harmonizes more 
closely with the prevalent direction in Wisconsin than the axis Just 
considered, 'vhile the latter coiucides fairly with those lying south of 
it in Illinois, all of which, according to Prof. vVorthen trend from 
N. of W. to S. of E. All of these are apparently of post-carbonifer­
ous origin and, by their oblique position, they nearly fronted the post­
carboniferous sea, which had shrunk away to the south and west, and,n 
in this, they conforrn to the general law that folds face the adjacent 
ocean, whence the active force in their formation is applied. 

It thus appears that from Lake Superior to southern Illinois the 
strata are traversed at intervals by flexures or undulations which have · 
a geueral, but varying, east and west trend; that these range in time 
fr·om the Laurentian to some post-carboniferous period; that the active 
force producing them came, according to the general law, from the 
adjacent sea, and that it acted horizontally upon the strata; that dur­
ing Arcluean times, it was exceedingly powerful, producing close-fold­
ing and metamorphism; that in Paleozoic and later ages, it was quiet 
anCI gentle, causiug slight and exceedingly slow archings of the strata 
without metamorphism, or other evidence of thermal action. · 

H.olding these more general and comprehensive views in mind, we 
.may descend to the details of the lead region. Dr. ~ercival, as 
already indicated, noted several "centers of elevation" scattered 
throughout the district. While we might choose a different order, as 
well as name, these will be cited in that selected by him.1 

The first noticed is on the Fever, or Galena river, east of Meeker's 
Grove, where the St. Peters sandstone rises about twenty feet above 
th~ sqrface of the river. "In the ravine descending north fro.m 
Meeker's Grove to the river the Blue liinestone is elevated at least 
thirty feet above the bottom of the ravine on its east side, while im­
meuiately on the west side of the ravine, the brown rock sinks below 
the bottom, the strata on both sides re'maining nearly horizontal, thns 

1 Report of 1855, pp. 22 to 27. 
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indicating a fault at that point." As I observed a dip of 8°-possibly 
at a point not exposed at the time of Dr. Percival's visit-! am in­
clined to refer the phenomena to an abrupt flexure of the beds, rather 
than to a fault. ·From this point southward, the Blue limesto~e 
gradually sinks-in the direction of general dip-but not uniformly 
so, "but presents a series of undulations, rising and falling, und that 
sometimes quite abruptly." "The Blue limestone sometimes appears 
more elevated on one side of the valley than on the opposite side, bnt 
this may ha~e been the resnlt of undulations merely." Along the 
Shu1lsburg branch, the sa_me tindnlations occur. as on Fever river. 
The Blue limestone sinks-below the level of the river whet·e it turns 
abruptly eastward between Benton and New Diggings, but at Bun­
comb rises at least twenty feet .above its level, and further south 
alternately sinks below and rises a few feet above the river to its last 
appearance a few miles above Galena. 

0 
"The next point of extraordinary elevation is that along the we~t Pecatonica, n~ar 

Mineral Point. The highest point of elevation is apparently in the fork of the Peca­
tonica and Pedlar's creek, north of the Mineral Point and Platteville road. The 
lower magnesian there rises above the level of the river, presenting low bluffs (10 tol~ 
feet high) along its banks. Its exact junction with the upper sandstone is there con­
cealed; a considerable interval, corresponding to its upper portion, intervening. From 
that point the strata sink to the north as well as to the south. The sandst.cne, towards 
the south, sinks to the level of the Pecatonica, not far south of Bonner's branch. The 
bluffs of the same rock obviously decline towards the north, but I have not traced th~m 
far in that direction. There are in this district the same appearances of sudden ·local 
elevation, as in the preceding. Thus 011 the east side of the Pecatonica, opposite Bon­
ner's branch, the sandstone rises but a few feet (5-6) above the river bottoms, while not 
more thari two miles further north it occupies two-thirds the bight of a bluff, about 60 
feet high, overlaid by the blue limestone. At Mineral Point village the blue limestone 
rises high on the sides of the ridges, leaving only a moderate thickness of the fli~t Led 
at their summits, while the mineral openings are principa!ly in the lower beds of the 
upper magnesian, and in the blue limestone. At thfl Dreadnought mine, three miles 
north of the village, the main body of the flint beu is present, with its peculiar open­
ings, and at Dodgeville, nearly eight miles north, a considerable portion of the upper 
magnesian is also present. At the He~thcock mine (Linden) six miles N. W. of Min­
eral Point, the blue limestone rises but a few feet (8-10) above the level of Pedlar's 
creek adjoining. These facts indicate a dip of the strata from the highest point of ele­
vation towards the north. A similar dip is observable to the west, towards the Platte 
Mounds, and to the east, towards the high prairie ridge, separating the east and· west 
branches of the Pecaton~ca. 

"Another point of elevation occurs on the east Pecatonica, at or near Argyle. At that 
pomt there is an extensive basin, in which rise several low ridges, either composed en­
tirely of sandstone, or of sandstone capped with the blue limestone. Different branches 
of the river here meet, from the north and the east, and along them lines of elevation 
may be traced for several miles, in bluffs of sandstone, gradually sinking from the center, 
but su~iect to local elevation>!, as in the· preceding districts. This center of elevation is 
bounded 011 the north by the high ridge extending west from the Blue Uounds, on the 
east by ~ range of high prair:es extending southeast from the Blue Mounds towards 
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Monroe; and on the. west .by the .. ridge separating the east and west branches of the 
Pecatonica. 

"Returning towards the west, another point of elevation occm'S on the waters of the 
Plat.te, the centre of which is apparently on the Big Platte at· Bald Bluff in Ellenbo­
rough, where the lower magnesian rises nearly a hundred feet above the level of the 
river: The exact line of junction with the sandstone is there concealed by the er .. rthy 
slope covering the upper bed of the lower magnesian. The next lower bed of that rock 
rises in a low bluff from the water's edge. In tracinl! down the Big Platte, the lower 
magnesian appears to rise about thirty "feet above the river level at the Red Dog Bluff, 
and not more than 10 to 12 feet at the ferry on the Galena and Potosi road. At the 
latter point the sandstone forms a low ridge in the valley of the Platte, on the west. 
This is below the junction of the Big and Little Platte rivers, and in this vicinity, the 
different strata appear at a higher elevation on the west than on 'the east side of the 
river, the upper surface of the blue.limestorie, on the east;· appearing but little higher. 
than that.of the Randstone on the west. This point of elevation· is connected with that 
on the Mississippi, by which the sandstone is raised 'above the water level from Sinipee 
to some distance above Potosi, and the . blue limestone towards the south, to a point on 
the east side, near Gregoire's Ferry (opposite Dubuque), but on the west side only to 
Eagle Point (above Dubuque); the strata. b3ing. there. apparently most eleyated on the 
east side of the river. On the north, I have not had an opportunity of tracing the 
limits of this center of elevation. On the east, it extends ~o the vicinity. of Platteville, 
and is limited by the count.ry adjoining the Platte mounds, and on the south it is con· 
fined by the high prairie between· the MissiRsippi and Fever rivers, near the center of 
which rises the Sinsinawi1 mound. 

"Another center of elevation apparently occurs on Grant river, southeast of Beetown, 
near the junction of Pigeon creek. At that point the sandstone is elevated 30-40 feet 
above the river, while lower down on the same river, at Waterloo, it is not exposed. 
'l'he same is true on Rattlesnake creek, towards the west, and on the Beetown bmnch, 
toward the northwest; only the blue limestone appearing there at the surface. On 
Boyce's creek, southeast, toward Potosi, the blue limestone appears more elevated than 
in the vic!nity of Potosi, as if within the limits of this center of elevation. These limits 
are apparently the ridge of Boyce~s prairie on the east, the high ridge between Grant 
river and Cassville on the southwest, and Blake's prairie on the northwest." 1 

It is not a little strange that, though Dr. Percival seems to have 
believed that these "centers· of elevation" were indices of agencies 
influential in the deposition of the ores, he should not have observed 
the fact that ·none of tlwse are centers of great ore-deposits. If 
"centers of elevation" or" lines of physical disturbance" of any kind 
are potential in. the prodt1ction of ore-deposits, then it is fair to expect 
such deposits in g1·eatest richness where such disturbances are thought 
to have taken place, while bar1·enness should pervade undisturbed dis: 
tricts. But the facts cited by D1·. Percival seem to lend their influ­
ence in precisely the opposite direction. The most marked instance 
of elevation, and apparent disturbance, in the whole region is Red 
Rock situated in a barren region. The nearest deposits are four 
miles distant, the little Wiota diggings, among the least of the districts 
of the lead region, while the nearest important deposits are those of 

. 1 Annual Report, 1855, pp. 23-26. 
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Shullsburg, fully ten miles away. Even where there is·a close juxta" 
position, Dr. Percival incidentally testifies that the mines are located 
in relatively depressed portions of the strata, rather than on the ele­
vations,. for he says: 1 "The excavations in the mines, in the vicinity 
of these extraordinary outcrops of the lower strata, are fa1·ther proof 
of sudden elevations of the strata, the shafts being often sunk in the 
upper strata to a greater depth than would be suffici~nt to reach the 
lower, if . t_he range of the latter from their outcrop was horizontal. .. , 
. It appears! therefore, that while Dr. Percival noted a.nd emphasized 
the undulations and apparent disturbances of the strata, his obset·va­
:tions do not show any close connection, or clear relation, between ele-
vations and ore-deposits, but rather the contrary. 

To justly interpret his observations, however, some subtraction from 
the full force of his expression, "extraordinary elevation," m nst be 
made, if the idea of upheaval is intended, as the context would seem 

. to imply; for, as I have ende&vorcd to show, a portion of the undula­
tion the strata uow exhibit is to be attributed to irregularities of sedi­
mentation, and, from inspection, I am convinced that these more 
conspicuo~1s archings of the beds are in part due to original deposition 
and, in part only, to subsequent flexure. The flexure took place at 
these points rather than elsewhere beca·use there were slight bends 
here before, and these ~·ere, therefore, the points that would yield 
easiest to lateral pressure. 

ln addition to the q~1alification imposed by this dynamical distinc­
tion, the term "extraordinary elevation," so frequently used, seems 
too strong to judiciall.Y express the facts. While the surface of the 
Lower Magnesian limestone, owing to its irregularities, rises and falls 
rapidly, there is rarely a true flexure of the body of this or of the 
other formations, giving a dip exceeding 10° or 15°. Mr. Strong 
gives the following calm statement concerning the most notable 
instance of the ki!ld: 2 "There are several new [i. e. additional to 
those examined in 1873] localities which were examined in 1874, 

. where slight upheavals of the formation appear to have taken place. 
The most marked example of this, known as Red Rock, is situated in 

·the valley of the Pecatonica in T. 2, H. 4, E. The sandstone emerges 
from the river near the center of section 20. It reaches its greatest 
elevation near the quarter-post of sections 17 and 18, where it has a 
thickness of over 100 feet, and disappears again below the river in 
the southeast qnarter of section 7. The average width of the expos­
ure is about half a mile." The phenomenon is illustrated by a fignre, 
to which reference is here made. Beyond the simple fact of arching, 

1 Page 26, Report of 1855. ~ Vol. II, p. 678~ 
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there is litt1e' evidence of the action of unusual force. The rock is 
exceptionally colored with hemanitic matet·ial, but this is manifestly 
due to the ~mnsnal amount. present, and not to dehydration by heat, 
as sometimes hastily inferred. The beds are not notably broken or 
dislocated, nor are they metamorphosed, though somewhat indurated; 
nor is the flexure, though striking for this qui~t region, more than very 
moderate, when compared with metamorphic districts. Both Prof. 
\Vhitney and ~Ir. Strong noted eases of snch undu1ation and slight flex­
ure, and, in selected instances, described and figured them; but neither 

. of these obsenre s regarded them as more than quiet and moderate 
manifestations of that tension to which the crust of a shrinking earth 
is necessarily subjected. Neither of these writers attached sufficient 
importance to them to enter minutely and exhaustively into a descrip­
tion-of them; arid this is undoubtedly the true judgment to be passed 
npon them, considered simply as stratigraphical phenomena. As 
phenomena connected with the ore deposits, however, something of 
special significance, in my judgment, does attach to them,. but, at the 1 

same time, I am studiously anxious not to magnify them into extra­
ordinary upheavals or instances of powerful mechanical disturbance, 
a character which they do not bear. It had been my purpose to enter 
at length upon the description of these warpings of the strata, but the 
tediousness of the attempt is a sufficient. reason for limiting special 
attention to those immediately relating to the.prodnctive .ore districts. 

It is wnrthy of remark, however, before passing from the general 
review, that all trustworthy obsen•ers agree that these are, if not 
strictly "centers of elevation," at least noteworthy flexures of local and 
limited extent In some instances, anticlinal axes of considerable ex­
t:!nt appear to he indicated, but all attempts to discover any regular 
system of folds pet·vading the whole region, other than such general ones 
as have been already notcq, ha,·e been burdened with arbitrary assump­
tions and doubtful data to such an extent ·as to make them quite un­
satiafactory, however plausible, and probably no one has made the 
attempt more assiduously than the writ.e1·. These local flexures seem 
to have arisen fwm nnevennesses in the original deposition, by virtne 
of· which, certain portions of the beds, being already ctirved, yielded 
more readily to lateral· pressure, and. thuR deteni1ined the points of 
flexure, and, since these irregularities of deposition would not presum­
ably take any very rigid linear arrangement, being subject, as they 
,\·ere, to the multiform agencies that aff~et mai'ine deposition, no 
symmetdcal system of yie1di,ng could be anticipated. · 

It is further to be emphasized that, not orily are none of the "cen-: 
ters of elevation'~ of Dr. Percival, bnt none of the convexities cited 
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by Whitney or Strong, nor ·any observed by the \vriter; the site of 
productive mines. It is, therefore, a necessary conclusion, that, if 
these protuberances have any agency in influencing the ~re-deposits, 
they determine their location in some other place and not upon 
themselves. 

0 

But, if the deposits are not upc:m .the swells of the strata, are they 
in the sags~ Owing to the dominating influence of that mysterious 
potency assumed to reside in an "upheaval," little or no attention was 
given by the earlier observers to the depressions and their relations ~o 
the productive mil'Iin£9-istricts. It.is not often possible, because .of 
the concealment of the rock, to throw a complete cordon of observa­
tions around a mining district, or .about an inqividuallode, and deter­
mine precisely the attitude of the beds on all sides, especially as the 
undnlations, at best, al'e usually slight and irregular. Bnt when it is 
considered that the general dip of the formations is southerly and 
soutlnvesterly, it is evident that a northerly or northeasterly dip, 
at any ·given location, points to a synclinal in that direction. If 
therefore the beds on the sonth or southwest of any mining dis­
trict dip northerly or northeasterly, it is a clear indication, thongh it 
may not be a. complete proof, that. the district lies in a stratigraphi-. 
cal depression. In some instances we a·re happily not confined to this 
inferential method. The rich little diggings of Dutch Hollow furnish 
a fine example. The mineral ranges all lie within the sides of a 8harp 
little synclinal trough whose flanks have a dip of about 15°. The 
rock in and near the axis of the trough is of a highly brecciated char­
acter and contains considerable lead and zinc ore scattered through it 
in seams and isolated or clustered crystals, even where there is no· 
distinct lode, making the nearest approach to stockwerk found in the 
region. On the north edge of the trough, there runs a well defined 
.anticlinal, the beds dipping southward into the trough about 15°, but 
having· a more moderate slope northward. ·All of the ore is found 
south of this. An adit was started nearly on the crest of this anti­
clinal, at a point where cut down by a stream, and driven westward 
nearly a quarter of a mile without developing ore, when it was de. 
fleeted southward and reached productive ground within the trough. 
This is a marked instance of productiveness along the axis of depres­
sion and of barrenness along that of elevation. The expensiveness 
of the experiment which demonstrated this fact should incline all 
interested in such mining enterprises to cordially accept the results of 
experience and observation without regard to ·preconceived views. or 
wishes. · 

Taking a larger view of the main Potosi district, we find the beds 
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on "its \Vest'm~rgin''dipping eas'tward. The Long and Wooley ~a~ges 
pitch t:astwa1·d l ft.. in 173ft. By comparing the Tren.ton beds out­
cropping in the bluffs of the Mississippi with the same where seen 
nearest below Potosi village, there· is found to be a northward dip. 
Mr. Strong's measurement (aneroid) from a point on the face of the 
bluff some distan'ce east of the ri1outh of Potosi creek, to the disap­
pearance of the Trenton, below Potosi, gives a northward decline of 
about 25 feet, while my owil, from a point on the west side of the 
creek ·gave 40 feet-'-results harmonious with the easterly dip of the . 
ran·ge~ ah6ve given. Just east of the mouth. of .Potosi branch acc()rd­
ing to Mr. Strong, the St. Peters sandstone rises about 10 feet abo~e 
the Mississippi and· the Blue and Buff 'limestones have a thickness · 
of 78 feet. Tracing along the face of the bluffs, the sandstone rises . 
76 feet in abont a mile. and a half, the T1•enton beds m'eanwl~ile hav­
ing thinned to 50 feet. B.eyond this point, both decline to their. 

former height in about tlu·ee miles. Making some de~uction for the 
curvature of the bluffs, it is yet apparent, by comparison with the st{r­
rounding strata, that here js a notable arch of the beds. lying south 
of the Potosi distt·ict. Combining these facts it· appears that the . 
Potosi diggings lie in a stmtigraphical basin. The thickening of ~he 
Trenton in the basin, that seems to be indicated, is an interesting and 
significant fact, beautifully· cons01iant with. on·~ view that these undu­
lations had their beginnings in submarine inequalities, for such 
depressions would f~vor the accumulation of the fine Trenton sedi­
ments and thus give'that formation exceptional thicknessin the basin 
and thinness on the promin~nces. · 

South of. the British !follow mines, there is a low but well defined 
arch that may be seen along the creek ·below the village. The maxi­
mum dip shown is about 5°. The apparent-trend of its axis is N. E. 
and S. W., a direction essentially parallel to one set of the adjacent 
ranges, and, it may be obser.,·ed, that set which is most exceptional in 
this district. 

Passing to the Beetown district, analogous ·facts are presented. 
Between the village and Hutchinso~'s furnace, less than half a mile 
below, the shaly stratum in the upper part of the Trenton limestone, · 
known as the" Pipe Clay opening" appears in the bank of the creek 
at the water's edge, but within less than half a mile below the furnace 
the whole of the Trenton group, the St. Peter's sandstone, and a low 
arch of the Lower :Magnesian limestone rises above. the stream, indi-. 
eating, when full allowance is made for the descent of the st~eam, 
a very notable rise in the strata. About two miles to the east, on 
Grant river, is fou.nd one of the· points of elevation noted by Dr. 

VoL. IV.- 28 
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Percival, and to the west on Rattlesnake creek a similar rise is indi. 
cated. It therefore appears that a stratigraphical ridge stretches 
closely along the south margin of th~ whole Beetown district and that 
t~e mineral ranges lie in a depression of the ·strata on its flank and 
have their trend mainly parallel to it. 

By consulting Mr. Strong's map, it will be seen that southwest of 
Pigeon diggings,, the I.Jower Magnesian limeston.e is represented as 
rising to the surface on Pigeon creek and sinking away again below. 

By turning to the Platteville ·region, it will be seen that the Little· 
Platte river cuts into the St. Peters sandstone for some distance· along 
its course above Platteville, but that, near the north line of the town~ 
sl~ip, the sand8tone sinks beneath the stream, but, in the southern part, 
again emerges and 8oon exposes its whole thickness and the upper 
face of the Lower Magnesian limestone\ beyond which, it again sinks 
away. Such a casual inspection indi~ates a depression of the strata cross­
iog the river between the Platteville and vVhig diggings. A more de­
t~iled examination of measurements made by lVIr. Strong, .Mr. Buell, 
aided by Mr. Nye, and myself, independently, shows dips not only from 
the north and south but also from the depressed beds on the Little 
Platte, toward PlatteviJle, indicating a deeper depression beneath the 
productive area. 

At the Crow Branch diggings, the depression of the beds is conspicu­
ously displayed in the natural section formed by the.stream that gives 
name to the mine. At the mouth of the tunnel, the base, of the 
Trenton beds lies near the surface of the water, but immediately to 
the southwest, it rises rapidly to a heigth of about 20 feet and then · 
gradually sinks away with. the common slope of the strata. At the 
time of my visit, the adit was inaccessible, but concerning it, Prof. 
Whitney markes the following significant rernal'l\:s: 2 "This ad it starts 
on the sandstone, and was when examined, with difficulty accessible, 
and so much filled with mud and water that the relations of the rocks 
it passes through could not be well made ont. As it rises, however, 
.it passes into the Buff limestone and from that- owing, as it would 
appear, to a basin-shaped depression or rapid undulation of the 
strata-- into the glass rock, in which it continues most of the way." 

In the vicinity of the rich concentrated :Mifflin mines, there are bet­
ter opportunities for observation than are common to most districts. 
The ranges run N. W. ·and S. E. and are mainly productiye in the 
Lower Galena and Upper Trenton beds, below which a part of the Buff 
appears, but the St. Peters sandstone is, by estimate, some distance be­
low the surface of the adjacent Pecatonica river. But nearly opposite 

1 Not represented on the maps. · 2 Geol. of Wis. 1862, p. 361. 
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the outcrop of the ranges, the St. Peters sandstone emerges three or 
four feet in a low undulation and ·again sinks below the river surf<tee, 
and there is no further opportunity of observation until a creek joining 
the Pecatonica on the west is crossed, about a half a mile below, and 
directly sonth of the mines. IIere the St. Peters sandstone rises 20 
feet higher than at the point above cited and by estimate 30 to 40 feet 
higher than its position beneath the mines. It thus appears that be­
tween the sandstone outcrop east of the mines and that south on a line 
running a little west of south- the general direction of dip -there 
is a considerable down ward curvature of the formations and this de­
pression lies in the line of projection of the mine..al ranges. An in­
structive east and west section n'lay be constructed along the Pecatonica 
river north of the village of Mifflin which will show the prevalent ten­
dency of the strata to undulation, as well as exhibit the special depression 
i_n which the :Mifflin deposits are located. Starting at a little prornon­
toi'.Y of rock lying between the river and the creek that joins it on its 

·left bank, less than a E_lnat·ter of a mile northeast of the village, there 
appears a clip of 9° westward (W. 5° to 10° N.) This appeat·s to 'in­
volve bnt a very small area, for, a short distance to theN. \V., the beds 
arc seen to rise graclnally. At the bridge north of the village, and 
nearly west of the first point of observation, the strata eli p 3°·, as 
measured along a vertical face trending vV. 18° N. which may not 
represent the maximum or trne dip. From this point the beds may 
be traced, .in a direction about \V. 20° N., along the side of the river, 
the slack water of which affords a convenient datum plane. The beds 
first cnrve downwards until the Bnff limestone, which showed half 
its thickness, is snbn1erged, then rnn qnite horizontally for a short 
distance, beyond which they very slightly rise and then descend at an 
angle of about 5° until the thin beds of the Blue-limestone are sub· 
mm.·ged, when they rise at the same angle, forming a marked synclinal. 
On this last upward slope, at a point abont 40 rods west of the axis of 
the synclinal, an adit has been driven into the hill on abont the same 
beds that are prodnctive sotith of the village. The attempt was evi­
dently unsnccessfnl although a little zinc blende, in disseminated crys­
tals, appears among the material excavated. From the ad it westward, 
conce.alment of the rock p1·event.s wholly .reliable observations, but 
there appears to be, at fir·st, a slight rise of the beds, beyond which 
they maintain .a nearly level attitude. It is our view that this syn­
clinal is to be correlated with that above deE<cl'ibed and that the }Iiffiin · 
deposits lie in this depression, which. we conceive to be~ broad flat 
boat-~haped basin. 

·The Mineral Point district presents an obstacle to convenient dis-
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cnssion in its want of sharp limits. From the rich ]odes in th~ snb­
m;bs of the city, ranges scatter away northward to the Van Meter 
ranges, if not to Dodgeville, and northwestward to Linden and beyond, 
not to speak of those dispersed further southward. Dr. Percival, how­
ever, aptly sweeps the whole field by some general observations made in 
1855, 1 and I choose to quote him rather than give the observations of 
my associates or myself; for, entertaining different theoretical views, 
he cannot be thopght to have been biased by those that have arisen 
at this late dat~ .. After ]o·cating the highest point of elevation near 
the junction of Pedlar's Creek and the.West Pecatonica, 2 and referring 
to the tendency to sudden local elevation, he says: "At Mineral Point 
village the blue limestone rises high on the sides of the ridges, leav­
ing only a moderate thicknes.s of the flint-bed at their summits, whil.e 
the mineral openings are principally in the lo\ver bed of the upper mag­
nesian, aud in the blue limestone. At the Dreadnought mine, three miles 
north of the village, the main body of the flint-bed is present with its 
peculiar openings, and at Dodgeville, nearly eight miles north, a con­
siderable port\on of the upper bed of the upper magnesian is also 
present.· At the Heathcock mine (Linden), six miles no1·thwest of 
Mineral Point, the blne li~cstone rises but a few feet (8-10) above 
the level of Pedlar's creek, adjoining. These facts indicate a dip of 
the strata from the highest point of elevation towards the north." 

To the southeast the district is essentially limited by Rock creek, 
where the strata are found dipping to the.northwest. Three miles 
southwestward frum Mineral Point, an arch brings up the Lower Mag­
nesian limestone to a height of thirty feet above Spensley's branch. 
That this is not simply-a protuberance of the upper surface of the 
Lower Magnesian lim9stone is shown by the unusual altitude of· th~ 
overlying formations.· A comparison of altitudes between the 
formations on Spensley's branch, west of Mineral Point, and on Min· 
eral Point branch, in the northern suburbs of the city, indicates a dip 
eastwa1·d nearly equal to the thickness of the Trenton limestone. A 
meridional section through the district immediately adjacent to the 
city shows a northward pitch with a gradnal rise beyond. I have in'" 
complete data, j nstifying a belief in the existenc~ of several kcal de­
pressions associated with special groups of ranges in the region. It 
appears, therefore, that, beside the sweeping generalization of Dr. 

1 Report of 1855, p. 24. 

~ It is not quite certain which branch Dr. Percival called the West Pecatonica. There 
are some reasons for thinking that the point here referred. to is near the junction of Ped· 
lar's Creek and Spensley's branch. 
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Percival, which is somewhat too broad for definite application, there 
arc local undulations more closely fitting the prodncti ve areas. 

Along the sonth side of the scattered Yellowstone diggings the 
strata rise above their average altitude. 

To the west of the Wiota distl'ict lies the Red Rock elevation, to 
the south and southeast, the rise of the strata .along the Pecatonica, 
and to the ea.st, the anticlinal between the Yellowstone river and J or­
dan ct·eek, but these are all somewhat too remote (3-5 miles) to be 
entirely unequivocal, beyond iudicating the general fact that the mines 
lie in a relatively depressed area. 

Sonth of the Meeker's Gt·ovc ·mines, the beds dip strongly north­
ward, being o_n the margin of one of the cent.ers of elevation of Dr. 
Percival. Concerning the gt·eat complicated area formed by the dig­
gings of IIazel Green, Benton, New Diggings and Shullsburg, con-
. nected as they are by scattered ranges.:___ not to include the slightly 
separated deposits of 'Vinegar and Council Hills, which lead on toward 
the Galena district-nothing very satisfactory can be said. The 
Trenton limestone only appears in the \·alleys of the Galena river and 

. its tributaries, in the midst of the region, and above this thet·e arc no 
distinct horizons, readily· and surely idcntifiabie, over a large area, so 
that little precise data have yet been accumulated concerning the atti­
tude of the circumjacent strata. The same ·circnmstance limits our 
k~owledge concerning special gronps of lodes. Southeast of Benton, 
the Galena river crosses a dept·ession of the formation, within which 
lie a considerable number of important ranges. I conjectnre that the 
IIazel Green deposits lie in a projection of the same trough. 

Accot·ding to Mr. Kimball's observation, quoted by Prof. Whitney,' 
a synclinal axis extends along the ridge between the Peaslee and 
Shullsburg Branches, the strat·a on each side of which dip toward the 
center at an angle of 4°. The Pea~lec diggings lie within this. Con­
cerning another location near this, Prof. Whitney 2 says: "The ore 
sheets are all of the kind called 'fll!-t and pitching.' At Earnest's 
diggings, one of these pitching sheets, cart·ying the usnal ores of zinc 
nnd lead, follows for some distance the stratifie.ation of the Galena 
limestone, of 'vhich the beds dip here at an angle of 10° to the north­
cast, then suddenly drops down, following an oblique line, and carry­
ing ore all the way, a distance of from .four to six feet to anotl~er 
stt·a.tum below, where it again follows the planes of stratification for 
some distance, and then goes down again, and so on." 

\Vaiving much minor evidence, and not unmindful of the want of 

1 Geol. of Wis .• 1862, p. 299. 1 Geol. of Wis. 1862, p. 300. 
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data regarding several districts, I arrive at the conclusion that the ore 
deposits usually- possibly not universally- occupy depressions in the 
strata. It will be observed that in this collocation of evidence I have 
quoted as largely as possible from othet·s who could not possibly have 
been prejudiced by the views herein entertained and thus have magni· 
fied observed phenomena to suit theoretical ends. And indeed, in 
regard to my own observations, I have most to regret that I arrived so 
late at the conviction that the ore deposits usually, if riot universally, 
occi1py stratigmphical depressions; otherwise it would have been pos­
sible to have. secured greater fullness and precision of data. It was, 
with me, quite otherwise·than a preconceived notion. 

V. SuRF ACE AsPECT OF THE LonEs. 

Both a practical and theoretical interest attaches to the surface 
aspect of the lodes, both in their individuality and in their groups. 
To the prospecting miner it is of supreme importance to recognize at 
the surface trust\vorthy indications of a lode. To the student of the 
philosophy of deposition the characters which the crevices present at 
the surface are, in like manner, a subject of thoughtful consideration. 

The impression is pre\Talent that deposits occur which have no 
c-revice connection with the surface, but such impression, we appre­
hend, i~ rarely, if ever, true. Lodes are sometimes reached by lateral 
drifting, whose upward connection, not having been traced, is assun1ed 
to ue absent, and in some instances the cap rock immediately over­
lying the deposit may be entirely unbroken, but if the crevice be 
tnwed to its extremities, it will, we believe, be found to be connected, 
either with a crevice directly leading upw<trd, or with lateral fissures, 
or openings, which at length have such connection; so tbat most, if 
not all, such apparent c:1ses are illusive. The majority of lodes, as 

. they appear at the surface, are not lodes at all, but simply crevices, 
and thus differ in a marked degree from fissure veins and similar de­
posits in which the seams are filled with· o1·e and gangue to the very 
surface, save so far· as it may have been removed by erosion and de­
com position. 

The lodes of the lead region are represented at the surface usually 
by simple crevices which gape more or less widely and are usually . 
filled with soil and residual clay, derived from the surface. This is 
thought to have been the almost universal aspect which they presented 
originally, but by the wearing away of the rock they have been, in 
uot unfreq nent cases, cut down to the ore deposit, so that the crevice, 
where first struck, bears between its walls more or less of ore, usually 
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corroded and scattered thron6h the clay ·filling. In. other instances, 
decomposition has proceeded further and the ore has beeh left behind 
mingled with the residnal clay, fot·ming a" patch" deposit. Where 
the original ore formation was a flat deposit and has been thus reached 
by surface decomposition, an extensive and very rich "patch" may 
be left within the clay; the most re~narkable instance of which within 
the region is probably the Big Patch, south of Platteville, from wl1ich 
two or three rnillion pounds of ora have· been taken. 

If, therefore, the snl'face, simply, of the prodtlcti ve districts were 
mapped, the ranges \Vould usually appear only as tracings of rock 
crevice:;, differing in no very remarkable way from those common to 
limestone districts generally, save perhaps in something more of 
regularity and magnitude. · 

The vet·tical sheet deposits, which consist of a seam of ore, closely 
filling a narrow crevice, constitute an exception to this general state­
ment, in that they f1·eq nently fill the crevice to the surface of the 
rock, the most nnmet·ous and notable examples of which class occur in 
the I-Iazel Green district. 

It is more set·vicea.ble, howe\·er, to map the lode itself, reproduced 
npon the surface, or, more accul'ately speaking, that portion of it' that 
has been minecl. In the maps accompanying this report, prepared by 
Mr. Wilson, the lodes of the lead region have been thus represented 
with as much of predsion, both as to position and direction as has 
been found pi'acticable in the time and means at the command of the 
survey. The reader is, therefore, respectfully referred to these maps 
for both the general aspects and the detailed fac.ts presented by the 
superficial arrangement of ·the ore deposits. An attempt has been 
made to distinguish b:;tween those lodes that simply occupy crevices 
and cre\'ice openings, and those which belong to the peculiar system 
of flats and pitches, or of simple flats, hereafter to be described. But 
this distinction is not altogether practicable, since crevices lead· to the. 
flats and pitches, and these by the closure of the pitching ct·qvices, 
are not sharply distinguishable from the flats proper. The whole 
really belong to 'one complex system and the distinctions are only 
valuable as showing which element, at the present stage of develop­
ment~ seems most important. 

Referring to these maps, it will be seen that the ranges are mostly 
rectilinear, though frequently bent or angled, and their length sel­
dom reaches and very rarely exceeds one mile. The longest range in 
the district thus far developed is p~obably the easternmost of the 
group lying on the west side·of the Heathcock branch, in the Linden 
district, which has a length of three miles, throughout which it has 
been traced with little interruption. 
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That the crevices a:n<i possibly the lodes are considerably mo1·e ex­
tensive than· has as yet been. proved by actnal exploi ta.tion, is very 
likely true jn many instances; but that the open and productive por­
tion is limited to a comparatively short range, seems to be th~ verdict 
of experience. . · 

While the great majority of ·the lodes, as remarked, pnrsne a 
straight or sligh.tly angulated course, it is worthy of note that the .flat 
deposits, notably those near Dodgeville, have. the peculia1· habit of 
curving in hooked or horse-shoe forms, and, what is equally or more 
singular, this corresponds in a noticeable degree to the surface contour 
of the locality, lying habitually near the br0w of a ridge or biuff, and 
curving in gene1·al conformity to its face. 

Even a casual inspection of. the CL'evice maps will develop the fact 
that the vast majority of lodes assume an ·east and west direction, 
while a subordinate number take a northedy and southerly course .. 
It will be obset·ved that the hvo systems are very frequently combined 
in the same diggings, and indeed in the same gmn p. vVhere both 
occur together, the easts and weats a1·e almost irn·ariably the more 
open an{i stron~el' ranges, while the norths and souths are usually 
close· crevices beadng sheet deposits. The easts and we.5ts m·e, with 
few exceptions, thP, maste1· ranges, to which the no1·ths and souths 
may be regarded as tributaries, and are often styled by the miners, 
~·feeders." In all cases, whethee mapped or not, there is a transverse 
system ot fissures, filled or unfilled, crossing the lode. T_hese have 
only been plotted where they carry a workable amount of o1·e. In 
some instances, however, the norths and sonths are more open, ·and 
bear strong deposits, while the casts and wests crossing them ·m·e sub~ 
ordinate. There is usually a distinction between the ore occupying 
the two sets, that which characterizes the easts and wests being usu­
ally "chunk mineral," or large massive aggregations, \Vhich show 
upon fracture bmad crystalline plates, whereas the ore from the no.rths 
and s.ouths, besides being externally in the form of sheets, shows on 
the interior more interrupted crystalline planes, which gires npou frac­
ture a texture and luster by which expert miners and smelters are 
able to detect it, even in the ore heap. 

In addition to the two systems, conforming to the cat·dinal directions, 
there· is a third that locally assumes considerable impot·tance, com­
monly known as "quarterings." In some distl'icts, signally at Mus­
calnnge, the main east. and west system, instead of being crossed at 
nearly rightang-les by norths an~ souths, is traversed very obliquely ~y 
qmirteriugs. These often have the open charncter of the casts and 
wests, and sometimes, as in the ·Atkinson. range, become the master 
lodes. The term q uarterings is sometimes applied to distinct~ ranges 
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which have a northeast-southwest or northwest-southeast direction. 
But it would be better usage to confine it to oblique crevices crossing 
those of on~ or the other of the cardinal systems. 

Besides these, some districts are chamcterized by very irregular 
crevices, of which clast; the Shullsburg mines are a noteworthy 
example. · 
. The total rmmber of lodes in the whole region, as enumer·ateJ by 
Mr. WilE>on, is 3,769. Probably a considerable number in Illit:wis a~d 
Iowa, and possibly some in Wisconsin, have escaped noting, so that 
the entire number is nearly 4,000. It is difficult to draw hard and 
fast lines between the several classes, so as to determine pre-cisely how 
many belong to each, but, throwing out a considerable nm~ber of 

. doubtful classification, and estimating somewhat roundly~ about 60 per 
cent. is found to belong to the east and west system, 20 per _cent. to 
the north and south, and 15 per cent. to the quarterings, the rewaip­
der consisting of patches, irregular crevices, and those of uncertain 

classification. · 
By inspection of the map, it will be Eeen that the individual ranges 

tend to group themselves in c1nster.s, and that these are gathered in 
larger groups, sometimes designated lots, sometimes diggings, and 
these again into larger assemblages, constituting subdistricts .and. 

districts. 
:Much study and ingenuity, not to say imagination, have been ex­

pended in the endeavor to discover some law of systematic arrange­
ment of the crevices into groups and· larger collocations, but without 
any conspicuous snccess, as it wonld appear from the different results 
arrived at. If there \vere any simple determinate law, it wonld seem 
that, if discovered, it should command general assent and acceptance. 
This much is certain, that individual ranges are not uniformly dis-· 
tributcd over the productive area to which they belong, but are 
gathered in gt·oups. .But these gt·oups present the utmost variety in 
the manner and attitude of their forniation. Perhaps tbe most note­
worthy fact is that to which Dr. Percival long since called attent.ion, 
that these ranges are ~ometirnes arra11ged so as to give a rhombic 
outline_ to the group, and that these groups are arrayed somewhat like 
troops en echelon. But this is only true of a few districts, the best 
example being ~he Vinegar Hill diggings. The gathering of. the. 
snbot·dinate groups into districts, with banen intervals between, is a, 
conspicuous fact concerning which, there is little opportunity .for 
diffel'cncet< of view. Bnt when it ;omes to arraying these in ]arger 
groups and showing the profounder relations of the districts, wide: 
differences have been the result. 
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Dr. Percival made nine great groups as follows: 1 

"The different series, which I have been able to trace, ·are the following, beginning 
at the northwe~t: 1. That commencing at the Muddy Diggings, north of Cassville, 
then passing N. N. E. to the North Diggings, and then east to the Beetown Diggings, 
where it exp::uda particularly towarcl'l the north, and towards the east shows a bearing 
to the southeast. This is probably connected with the Pigeon Diggings and other dig­
gings farther east, north of the line of my present exploration. On the southwest, it · 
may be connected with the diggings in Iowa, opposite Cassville. 2. That extending 
from near the mouth of Grant river thrcugh the different groups of the Potosi Diggings 
to the Red-Dog Diggings in a northeasterly (N. N. E.) direction; then east by the Brush­
hill and vVhig Diggings, where it expands towards the north; and then in an K S. E . 

. direction through the southeast Platteville and Elk Grove Diggings, to the Strawberry 
Diggings, where it is interrupted by a wide extent of prairie farther east, in which no 
ranges have yet been t.raced. This is probably connected in range with the diggings 
west of the Mississippi, in a direction south from Potosi (the Macoqueta and Dubuque 
Diggings), which would farther complete it on that side. 3. That commencing near 
the south line of the state in the Fairplay Diggings, and extending northerly (first N. 
N. E., then N. N. W.) through the Lower Menominee to the Upper Menominee (James­
town) Diggings; then bem·,ing E. N. E. through the latter, then shifting northeasterly 
to the Patch Diggings. then passing E. S. E. to the Buzzard's Roost Diggings, and 
then bearing southeast to the ShullsLurg branch, north of New Diggings. 'This is 
probably connected with the Lower Galena Diggings, in the forks of Fever. river and the 
Mississippi, S. S. E. of the Fairplay Diggings. 4. That including the Hazel Green 
Diggings, which mn,y be traced from those diggings into lllinois, first S. S. W. then 
S. S. E. to tbe Upper Galena Diggings (north of Galena). On its western border, in 
the Hazel Green Digging>, it bea,rs N. N. E. to the Ross Diggings. and then curves 
around to the E. S. E., through the Benton Diggings to Fever river at Benton. 5. That 
including the Vinegar Hill Diggings, bearing N. N. W. to Vinegar Hill, then north­
easterly to Buncomb and Shaw's Hollow, and then easterly through the New Diggings. 
6. East of the southeast point of series 3, the K S. E. direction of series 4 (at Benton) 
is resumed at Earn,est and Spenceley's Diggings on the Shullsburg branch, and continued 
through the Shullsburg Diggings. These are intersected by the extensive range of 
north and souths, leading from the East Blackleg (connected with a series of east and 
wests on the east fork of Fever river), through the north and south:; at Townsend's, and 
the Irish Diggings to the east and wests at Stump Grove, N. N. E. of Shullsburg. 7. 
A series of smn,ll groups may be tmced easterly, in a line east from the Strawberry Dig­
gings, through :::kiclmore's and Halstead's Diggings by Darlington, to Whiteside's 
Diggings, whence it be~rs southen,sterly to the Wiota Diggings. 8. Anothm• series, 
commencing at King's and the Forked Deer Dig .ing·s, west of' the West Pecatonica, 
extends first E. N. En,l'terly by the Duke's Prairie diggings to the Yell ow Stone Dig­
gings, then throngh these in a general easterly course to the East Pecatonica, and. to 
Bigg's and the Badger Diggings, and then southeasterly by Shook's Prairie (the Aspen 
Grove Mine) to Skinner's Diggings and others north and east of Monroe. 9. The dig­
gings at Mineral Point apparently form part of another series, coinmencing on tlu 
southwest at the forks of the West Pecatonica and the Mineral Point branch, and thence 
bearing N. N. Easterly, but the courst'l of whi(\h I have not yet had f1n opportunity of 
tracing sn,tisfactorily to the northea't and east. This series perhaps extends by Dodge­
ville, Ridgeway and the Blue Mounds to Exeter; first bearing N. N. E. to DodgevillE' 
then east to the Blue Mounds, and then southeast to its termination at the valley of 
Sugar river. · 

1 Annual Report, lSGG, pp. 77, 78, 79. 
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"These series .are in some instances connected by intermedia~e groups. Thus the 
southwest Platteville Diggings may be considered as intermediate between series 3 at 
the Patch Diggings and series 2 at the main body of the Platteville Diggings. Other 
instances will be stated in the details following. In no part of the mineral district ex­
amined, have I observed so great a connection of different series as at Benton and New 
Diggings where several seem to concentrate." 

The reader, if he chooses to trace these out upon the general crevice 
map (Atlas Plate XXXI), will doubtless find it difficult to discover· 
anything very natural in some of the features of this gronving. 

1t1:r. Murrish attempted 1 to marshal the districts into gr·eat east and 
west belts of exceptional richness separated by barren zones, the whole 
traversing and subordinate to a .magnified north and south line of 
elevation nearly coincident w~th the fourth principal meridian. 

"To do this " he says, "let us go to the southwest corner of the state, where these 
mining districts commence, and drive down a stake at Fairplay, and another 4 or 5 
miles to the north, at Jamestown. And now let us draw two lines from these stakes 
east, or a little to the north of east, to range seven, in Green county. Now let us care­
fully look along within those lines and see what we can find. We have (wtthin those 
lines) the mines of Fairplay, Jamestown, Hazel Green, Benton, New Diggings and 
Shullsburg. Extending east from Shullsburg no very important deposit of ore is found 
until we reach the east side of the west Pecatonica, where we find Wyota, on the ex­
treme north line, and the region about Monroe the eastern extension of these min:ng 
districts.'' _ 
. For the secoric1 belt he says: " Looking north, we observe in the distance other min­
ing districts apparently arranged along a similar line. On reaching town 3, and fol­
lowing its south line west to wh~re it intersects the M:ississippi, we notice very similar 
phenomena to that described in the belt just referred ta. · 

"Let us put down a stake here, also, and measure four or five miles north, and put 
down another, and from these two stakes draw two lines as before, east, or a little to 
the north of east, and see what we include. We have the mines of Potosi, British 
Hollow, Rockville, Pin Hook, Red Dog, Whig and Platteville, in Grant county. In 
extending into La Fayette county, this mineral range encounters the .elevated lands of 
the Platte Mounds,· and but little is seen of it until we reach Calamine, Fayette and 
Argyle, where it may be seen as a mineral belt extending into Green county, where, 
like the other, it is lost in range seven. What was said of the other belt may be said 
to a great extent, of this; only not quite as productive, perhaps, as a whole. 

"'\Yith the additional light of this fact, it is not difficult now to see another belt near 
the south line of town 5. A belt, though well defined through three ranges of town­
ships in Iowa county, and one in Grant (including the mines of Mineral Point, Diamond 
Grove, Lost Grove and Miffiin, in Iowa county, and New California and Crow Branch, 
in Grant county), is nevertheless disturbed at the west end, as it comes in contact with 
the geological break along the valley of Grant river, where it seems to be borne down a 
little out of its course to Beetown, but there it again takes its regular cours~. Towards 
the east end it encounters a very heavy ridge, or elevation of land coming down from 
the northwest of Dodgeville, and extending in a southeast direction through the county. 
This belt, when coming in conk.ct with this ridge, or elevation of land, seems to follow 
its course, and groups of mineral ranges are found along its flanks for ten or fifteen 
miles. * * * 

1 Report on the Lead Regions, 1871, pp. 9-11. 
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"North from the third belt we commence to ascend a gentle elevation; which culmin-. 
ates in about the middle of town 6. Along the south flank, or nen,r the center, is 
another well defined. belt, extending through a large portion of Grant county, the whole 
of Iowa, and for several miles into Dane; and the mines of Fennimore, Wingville, 
Spring Valley, Dodgeville, Ridge~ay, Porter's Grove and Blue Mounds form acha:n' of 
n:ineral ranges, extending through nin'3 ranges of townships; and their course is as 
distinctly marked as the lines of the town (6) in wl{ich they are found. The north side 
of this belt is said to bP. the extreme north side of the lead district, beyond which no 
ore.has been found, and beyond which, it has been said, none will be found. We wili 
pause here for a moment and gather up what facts we have discover~d." 

If the reader will pause here long .enough to mark out these belts 
upon Atlas Plate XXXI, on which the lodes are laid down with ap­
proximate accuracy, he will be able to gather for himself how much 
of fact there may be represented in this staking off of the lead dis­
trict into great parallel belts. l-Ie will perhaps observe that the thfrd 
and fourth belts are in close contact, and that the remainder either 
do not include all of the productive mines ur are separated by very 
narrow intervals. How the districts of, Dubuqtie,"Vinegar :and Coun­
cil Hills, and Galena conld be bro~1ght into this system,:as they must 
in any comprehensive study of the subject, is not quite clear. A 
single glance at the map will show that such a gronpir~g is quite 
arbitrary. 

If I were to venture upon the forlorn hope of discovering a pro­
.found system underlying the distribution and arrangement of the lead 
districts, where doubtless no such profound system exists, I should seek 
a basis in those causes of undulation which gave origin to the depres­
sions in which the deposits are found to lie. Doubtless those causes 
were complex in their natnre and gave as the result a cotnplex system, 
which, thoueh the deunite result of forces acting under uniform and 
inflexible laws, are ne\'ertheless complicated and unsymmetrical in 
their combined results. Some of the salient features o.f this complex­
ity may be discernible and onr only attempt will be to suggest some 
of them. 

If a ruler two in.ches in width and of sufficient length be applied 
to the general map of the lead region (Atlas Plate XXXI), it will be 
found that it can be made to cross the heart of the lead region in only 
one position without concea1ing important lodes. The ruler represents 
a belt only four miles in width, and it is therefore evident that well 
defined belts separated by broad linear zones of barren territory are 
not .a characteristic of the region. The position referred to is the line 
of the extension of the anticlinal described by Prof. Worthen in the 
Illinois Report.1 Crossing the Illinois river and extending north-

1 Geology of Illinois, Vol. 1, p. 5~ 
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westward from La Salle, through Grand Detour and Oregon on Rock 
1·h·er, and striking in~o Wisconsin from Stephenson county, it runs 
parallel to the west Pecatonica: through the Platte Mounds and onward 
to the elevated strata at the head waters of the Grant. The ruler ap­
plied along this line would conceal only some unimportant and long 
abandoned diggings on the Ames branch. This axis, it will be 9b­
served, !s the approximate watershed between the tributaries of the 
R·qck,. and those of the Mississippi, and was doubtless connected with 
the ori"ginal"· determin.ation of the general drainage systems of the 
region an'd the:refore must have been an influential circumstance as 
early as the date of the origin of the rivers. · 

It i~ further interesting to observe that the Mississippi, descending 
in a nearly southerly course from L~ C1·osse to the limits of the lead 
region, turns to a marked southeasterly course, essentially parallel to 
this line and continues in that direction, until it reaches the southern 
limit of the lead district,-when it recurves to the southwest and main­
tains that course, until it reaches the meridian which it was follow­
ing when it was deflected southeastward. This deviation of the~' Father 
of 'V:tters" could ·be accounted for by a depression of the strata which 
would thns lead it away from its general ·conrae. 

It is still further to be observed that the general directions of the 
crevices approach parallelism to these lines. The master ranges of 
the great Beetown, Potosi, Platteville, Menominee and Shullsburg 
districts all trend to the south of east, though more easterly than 
these lines. J\fany of the subordinate ranges have a similar trend. 
On. the opposite side Crow Branch, Mifflin: a po·rtion of Linden, of 
Mineral Point, Duke's Prairie, Darlington and "\Viota ranges, with 
others niore remote, or less important, bear in the same direction. 

If I \vere to attempt to marshal the crevices into belts, they wonld 
be very broad and rude, but wonld consist of one great zone lying 
west of this barren strip mentioned, and including all the districts on 
that side, i. e., on the immediate Mississippi elope; of a corresponing 
second belt, lying on the east side, .the axis of which would extend 
from llighland throngh Linden and J\{ineral Point onward to Duke's 
Prairie and the Argyle deposits, embracing the adjacent districts on 
either hand; and of a third joining this from the northeastward 
stretching from the Moundville deposits throngh the Ridgeway, Por­
ter's Grove, Dodgeville and Van J\feter groups, to its union with the 
preceding, being essentially parallel to J\iilitary Ridge, a stratigraph­
·ical, as well as topographical axis, stretching across the state south of 
the Fox-'Visconsin river valley. 

·nnt these general circumstances attending t.he distribution of the 
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. deposits seem to me quite too general to be of much practical conse­
quence in the localization of the lodes, whatever of interest they may 
have in a comprehensive survey of the snbject. The conditions that 
contmlled the localization of deposits were more special, definite and 
limited in extension, and are to be sought for in the special heal cir­
cumstances of each district, not to say of each subordinate group of 
ranges within the district. We, therefore, pass ft·om these general 
~onditions to study some of the special features of the several dis .. 
tricts.. In this immediate connection, however, we shall do little more 
than .glance summarily over the surface grouping and prevalent direc­
tions of the ranges. For ·special featt.ire3 and details re_ference is made 
to the maps. 

In-the Beetown distt·ict, three notable sub-groups are to be discovered, (1) that north­
east of the villa.ge in which the ranges are scattered with a good deal of regularity, and 
have a very uniform direction and considerable length, a number of them exceeding a 
mile, the average direction being about N. 81 o W.; (2) the Nip and Tuck di,qgings, 
southwest of the village, which are more closely and irregularity grouped, and more 
varying in direction, the average trend of the easts and wests being about N. 83° W.; 
and (3) the Mttscalunge diggings, separa.ted from the Nip and Tuck by a. compara.tively, 
but not wholly barren, interval of less than one mile. These consist of a closely clm>t­
ered series of east a.nd west ranges with an average direction of about N. 87° W., 
crossed by a. remark<tble series of quarteringa of va.rying direction, but averaging a.bout 
N. 60° E. By examining Atlas Plate XL., it will be observed that, even in this well 
compa.cted group, at least two distinct subdivision's are clearly indicated. To the south­
ea.st lies a remarkable complex group of about fifty east and west and qua.rtering 
crevices, forming a single series, the Atkinson range. In the vicinity of this are 
gathered several more regular ea.st ~nd west crevices. Between these and the more · 
numerous ranges to the northward, there is a belt of ground that has thus· far proved 
ban·en. From the south Hutchcroft & Co. range to the Spenser, the productive stratum 
appears to incline northward, while from all the region above, the water ga.thers south­
ward, the master ranges lying near the union of the two. By inspection of the ma.p, 

. it will be seen that drifts have been driven, for the gre~tter pad., along quarte:rmgs. and 
easts and wests h:we been mined on either side greater or less distanc~~:~, but in the 
northern group these quarterings do not develop the complexity nor richness t11at they 
possess in the southern or Atkinson group, while the easts and wests de\-eiOp more rela­
tive importance. It would seem, th~refore, that while the circumstanced of origin were 
such as in the 0ne case, to give unusual development to the quarterinWJ, they, in the 
other, favored the easts and wests, though the general systems of fhs11UHg a.re alike in 
both instances. It is propable, though it has not been demonstrated, tfV.r. the Atkinson 
group occupies a very shallow stratigra.phical valley, separated from tnr,t on the north 
by a low swell of the beds. 

The topographical relations of the lo:les of this district ma.y be str.U.ied by compari· 
son of the contour lines, but this cannot be done with ent.ire success, amce the crevices, 
for practical convenience, are mapped with lines of uniform width fnrvughout the ~x­
tent to which they ha.ve been worked, and do not indicate the variativr.3 in the richnes~ 
of the deposit al~ng the crevice, and, of course, the essential thi1;g is the deposit and 

, not the receptacle. Were sufficiently exact data obtaimtble to constru..:t a map which, 
by the varying width of the lines rept·esenting the crevices, should indi..:ate the relativ J 

richness of the ore deposit, it would furnish an excellent ·basis in counection with thC' 
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contour lines, for the study of the relations between surface· contour and the lodes, but 
it has been found quite impracticable. Mr. Wilson who has had occasion to make. exact 
underground and surface surveys of these diggings to determine questions in litigation, 
at various times during the last twelve years, and has been quite familiar with the pro­
d~ctive development of the region, has arrived at the following confident generaliza­
tions: 

First, that where the crevice passes directly under the ridge, at right angles, it usu­
ally encounters close or barred ground, and is lean undet· the steep face of the ridge, but 
develops its greatest openne3s a:1d richness under the m::>re receding brow, while, as it 
approaches the summit, it nsu~lly pinches up and becomes unproductive; second, where 
the crevice passes obliquely under the face of a ridge, it is usually meagerly productive~ 
and third, where it pursues a course nearly parallel to the surface contour, but neither 
neat· the summit nor under the steep fa.ce of the ridge, its situation is favorable to pro­
ductivenefs. 

These rules, as applied· to the Atkinson range, where the complex crevices pursue 
varying course:~ ancl present rep~atedly the several attitudes named, consecutively, in 
the same general belt, are claimed to be quite severely and succe;;sfully tested. 

By examining the numerous short ranges along the bluff f.acing Muscalunge diggings, 
it will be observed that the majority lie nearly at right angles to the bluff, but do not 
c:>mc out to its fa:!e; nor rea~h far back toward the summit, indicating, as the prac~ical 
result of experience, that they are neither found productive on the extreme face of the 
ridge nor undet· its summit height. 
· These generalizations, in common with all that attempt to connect the character of 
the metallic deposits with surface contour, will bs received by geologists generally with 
a.large measure of skepticism. While, in common with all rational observers, we sympa­
thize with the feeli~g of impatience with views, in general, connecting metallic deposits 
with the "lay of the land," yet ·these deductions, applted, as they are, only to this 
special ela.<~s of accumulatioa~, are not without a rational basis, as will appear in the 
sequel. 

The Pofo8i district consists (1) of one large group of long, strong ranges gathered 
about the village, (2) of a small compact group at Dutch Hollow, (3) of another a little 
north of British Hollow, (4) of a few ranges south of Rockville, from which lodes scatter 
on to the districts known as Pin Hook and Red Dog diggings. These last are but a 
scattered line of crevices showing a tendency to group by twos and threes, but not con­
st.ituting a well defined district. Their average direction is N. 74o W. and their aver­
age length about a quarter of a mile. 

The Rockville cluster shows more irregularity ~£ direction. Some incline south of 
east, some south of west, the average being N.' soo W. 

'l'lle BritishHollow gr:mp co:1sists of a m::>ra c:>mpacted assemblage of rangas trend­
ing south of east, crosse:l by othsrs ranging east ·of north· and connected with a single 
one trending west of north. '\Vith .the exception of th:s last, they constitute a well 
co.mpacted group. · 

The Dutch Hollow group has the same general direction as the main Potosi diggingJ, 
but is closely concentrated within a sharp synclinal trough of the strata, the rock be­
ing very much fractured, and the m·e widely distributed through it in sheets, floors and 
irregula.r impregnations, so that tlie distinctness of the range3 is obscured. 

1n thE' main Potosi group the.lodes are scattered with more than usual uniformity over 
the district, and have more than usual length, nearly hal£ of them e~ceeding half a mile 
in length. Their average direction is about N. 67o W. They pursue their individual 
cour::;es usually with much regula.rity, but several deviate from their general course. 
They stand, in geneml, at right angles to the main riuges, and, as will be seen, cross 
minor valleys without interruption or d3flection. Potosi Branch c1;1ts off, in its course, 

• 
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all except those near its head, but whether the ranges on one side are resumed on the 
other is answered by only negative evidence, ·except that the Brock and Hull is situated 
as though it were a continuation of the Woocf and D~an. The general dip of the 
opening of the West Potosi district is to the east., that of the Long and Wooley range 
being determined as 1 ft. vertical descent to 173ft. horizontal. That of the East Potosi 
ranges is not positively determined. In the inclined Long and Wooley ranges the de­
posit is said to have been richest under the summit of the range, being an example of 
another rule of deposition in relation to surface contour, according to Mr. 'Vilson 's 
generalization, namely, that where the crevice openings, i.e. the strata, dip beneath the 
hill rich deposits· under the summit often occur. 

The Fairplay di,q,qings are notable as constituting one of the most regular and· sys­
tematic groups in the entire region. The lodes run very nearly parallel, their average · 
direction being N. 88o W. These ranges, as will be observed at a ~lance, are ar­
ranged in a north and south belt, so that if a line be thrown around the lodes, it will 
describe an elongated north and south oval. While somewhat uniformly distributed, 
the ranges h:we nevertheless a notable tendency to group3. One cluster of ten short 
lodes lies at the southern extremity and another of six at a quarter of a mile north, and 
another of seven a little farther to the northwest, while another of nine longer ones lies 
north of these. Near the village of Fairplay there is a group of eight ranges, having 
a course north of east, with three associated ranges having the prev;tlent direction. 

The rema.ining lodes, on the norlih, fall into three g.meral groups, the more northerly 
one known as Huns:tcker diggings. The Shawneetown diggings constitute a detached 
group about a mile distant to the east, with an average course of N. 88 oW. 

The Lower Jlfe,:tomtnce di,qgin,qs ·are less than a mile distant from the northernmost 
Fairplay district, ancl constitute a circumscribed, compactly arranged group, le:wing 
out of consideration three or four outlying rapges, and have a commo.\1 direction about 
N. 81° W. 

The Upper Menominee di,q_qings present a very interesting surface arrangement, con­
si~ting of a closely arranged group, more than usually inclined from the cardinal direc­
tions, the average trend being N. 56° W. 

The Hazel Green district presents a singular complexity in the grouping and direction 
of the ranges. The district ma.y be said to be concentrated about a bslt of rang~s run­
n:ng in a nort~1east-southwesterly direction from about the. southeast corner of Sec, 19, 
T. 1,. R. 1, E., to Sec. 35, T. 1, R. 1, W. 

Along this belt the crevices are thickly distributed in irregular groups. The prevail­
ing tendency is to form two sets, one of which has a general east and west direction~ 
but shows a disposition to incline from north of east to south of west, instead of the 
more geneml inclination from the north of wes~ to south of east. The cross set gener­
ally trend from the east of north to the west of south; but between the prevalent 
directions th~ro are many intermediate ones, so that no general averags can fairly ex­
press the facts, n::>r any verbal description, and the reader is referred to the crevice 
maps, Atlas Plates XXXIX and XXXT. There is here to ba noted, at two points, a 
disposition to change from one system of directions to another, through intermediate 
forms. It is conspicuously exhibited in the combined group formed of the Adney, Bruce 
and Yount lots. It is seen less distinctly in the group southeast of the village of Hazel 
Green, adjacent to the Durley lot. 

The disposition of the crevices to form close groups or gangs of lodes is here most 
consp:cuously displayed. "Sheet lot " is a striking example. Mills' lode and the 
ranges with which it is connected are worthy of note as pursuing a ~orthwesterly course, 
a direction at variance with the prevalent trend. 

In the Benton district the lodes are distributed in clusters scattered over nearly the 
entire township (T. 1, R. 1, E.). The prevalent direction of these is a little south of 
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east, but to this there e.re many exceptions. Marshall Group, Black Lock, Burrills, 
Sheet Lot and a few others trend ec~.st of north to west of south. Ellis and Gear lodes 
and associa:ted ranges, McAfi'rey, Dean, Merrit, Goodfellow and associates, Appleby, 
Dormer, Peaslee, French, Van Hook, Heard, Adams and ru:;sociated ranges, with a· 
number of others, have a decided tendency to west of north and east of south. The. 
great complex group of Swindler's ridge represents the trend of the master ranges. in 
the direction N. no W. 

The great group of New Diggings have a more nearly east and west trend and are 
associated with cross crevices of varying inclination, but, for the most part, east of 
north. 

The Shullsburg Diggings proper present ranges which transcend all others in their 
irregular zig-zag courses. (Atlas Plates XXXVII and XXXVIII;) The general trend 
is southeasterly, but only an inspection of the map can give an adequate conception of 
the irregularities of detail. Associ::tted with ther.e broken ranges, are several of more 
direct course, which by a direction N. 68° W., indicate fairly the average trend of the 
group. Connected with these are a few transverse lodes having a bearing a few 
degrees east of north. Of the associated groups of the district, the Deep Clay and 
Townsend diggings constitute two groups lying to the west, which vary only a few 
degrees to the east of north. · 

The Irish diggings on the north consis~ of a series of grouped ranges with trends ' 
varying from N. 5o E., to N. 40° E. 

The Stttmp Gt·one di,qgin,qs, beyond, have a more northerly direction, with a few asso­
ciated east and west ran:Jes. 

The Platteville district embraces a scattered assemblage of ranges less definitely clus­
tered than some of the preceding. The most notable group is gathered about the vil­
lage of Platteville and consists of rather short rich ranges of nearly unifor'm direction, 
·averaging N. 84° W. North.of the village about one mile is another notable cluster 
two of which are long ranges, having an average direction of N. 82° W., beyond which 
are scattered a few short ranges. 

Southeast. and southwest of Platteville isolated lodes, or groups of two or three crev- · 
ices, are scattered for several miles. In Meeker's lot there is a more concentrated group. 
All of these maintain a direction appro~imately parallel to those of Platteville, inclining 
somewhat more to the northwest and southeast. West of Platteville the Whig aiggings · 
occupy a circumscribed area with about a score of short ranges which have the same 
average direction as the Platteville ranges, except the two Schmidt ranges, which run 
southeast, being among the very few examples of transverse lodes in this district. The 
Big Patch and Elk Grove ranges are closely harmonious in direction with those of the· 
general district, except in showing a larger relative number of transverse lodes. 

The M~tfiin ranges constitute one of the mo::~t compact and isolated groups in the 
whole district, considering their richness and importance. The ranges ·have a general · 
course of N: 35° W., but are slightly convergent in that direction. 

Crow B1·anch diggings exhibit one master range, with a few subordinate associated 
ones, the former bearing N. 30o W., to which one of the latter corresponds, but the 
the rest have a more east-westerly trend. 

Mineral Point dist1·ict centers in three rich clusters of ranges sit)lated respectively 
north, northeast and southeast of the city. Of the first named the· average direction is 
about S. 55° E., the second are quite divergent, ranging from nearly southeast to south­
southeast, while the latter is about S. 20° E. The scattered ranges north and south of 
Mineral Point' assume nearly a due east and west direction, occasionally inclining 10° or 
15° south of east. 

Those which scatter away to the northwest in the direction of Linden vary from east 
and west to a northwest-southeast direction. 

VoL. IV.-29 

... 
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The Linden Group is difficult to characteri~e by a simple statement of direction. The 
few sh9rt ranges in the vicinity of the village vary but a few degrees from east and 
west. The long ranges that lie to the northwest have a general north and south direc­
tion, but curve considerably in their course, a somewhat unusual fact for ranges of this 
class. The transverae easts and wests trend a few degL·ees to the north of west. The 
great Linden range has throughout the greatest part of its extent a southeasterly direc­
tion, but in its eastel:'n portion it curves upon itself until it assumes a direction W. 20° 
S. The general form can best be appreciated by consulting Atlas Plate XXXII. 

The ranges scattering north from Mineral Point toward Van Meter's Survey have, in 
general, a more southeasterly direction than those either north or south of them, though· 
this is not a uniform fact. 'rhe Van Meter ranges consist of a very closely grouped set 
of parallel ranges having a nearly due east and west direction with a few outlying 
ranges associated with them, and a single due north and south lode crossing them. 

The ranges in the immediate vicinity of Dodgeville have a northwesterly trend, in 
general, but the Lambly group diverges gradually to :;t nen,rly due northerly direction. 
The transverse ranges vary in direction from a few degrees north of west to as many 
south of west. The remarkable cluster of flat deposits lying east of Dodgeville are 
notable for their want of definite direction rather than for conformity to any rectilinear 
system. As will be observed by consulting the map, they are prone to curved forms. 
If a line be thrown about the group, it will form an oval, having its elongated diameter 
lying nearly northeast and southwest. The crevices associated with the·group vary but 
a few degrees from the east and west direction, except the Messersmith ranges, which 
are nearly north and south, curving eastward at the northern extremity. 

Porter's Grove ranges average a direction about northwest and southeast with con· 
siderable variation. 

Those of llfou1idville are quite uniform in direction, being about N. 25° W. · 
The Yellowstone district consists of groups of three or four short ranges, each quite 

widely dispersed, whose Llirection is moF~t frequently northwesterly, but, in the case of a 
few groups, northerly. The ranges near Argyle present similar characteristics. 

The Wiota diggings consist of a concentrated group with a prevalent direction about 
N. 57o W., crossed by numerous secondary ranges running about N. 20o vV. A single 
associat.ed group runs N. 20o E. 

The Highland ranges have a northeasterly trend. Those of Wingville are nearly 
due east and west. 

Passing beyond the limits of the state, the Dubuque lodes are remarkable for their 
extreme parallelism and their close approximation to an east and west direction, trans· 
verse lodes being very rare. In the Galena district there-is much more variation, but 
the master ranges do not depart very largely from the east and west direction. The 
-transverse syRtem shows a prevalent tendency to a northeast-southwest direction, but 
has numerous and notable variations. 

The Elizabeth group, the most southerly of the district, consists almost entirely ()f 
ranges running du3 east and west, with a few, nearly due north and south lodes. 

It will be seen, by a summation of .this brief review of the ranges, 
and, more vividly; by direct study of the maps, that the east and wes.t 
ranges, as before indicated, vastly predominate over all others, that, in 
so far as they vary from the cardinal direction, the tendency is mark­
edly toward a northwest and sontheast direction, rather than toward a 
northeast and southwest direction. In other words, thet·e is a con. 
spicnous tendency to conform·to the oblique axes of flexure that char­
acterize this region and that lying southward as far as the extremity 
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of Illinois, as heretofore described. .A.s these flexures were impre~sed 
upon the strata subsequently to the colnpletion of the metalliferous· 
series of the. lead region, and are the latest of such flexures which the 
formations are known to have suffered, the correspondence at least 
suggests community of origin. · 

VI. THE SPECIAL SITUATION OF THE ()RE DEPOSITS WITHIN THE 

S'rRATA. 

The known lead and zinc ores of the Upper Mississippi region lie 
mainly in the Galena and Trenton, and subordinately, in the Lower 
Magnesian limestones. The deposits in the first two formations 
must be considered· jointly, not only on account of the want -of any 
sharp line of demarkation between them, but because ore sheets' 
t1·aversc both and inseparably bind them together. On the other 
hand, there is an entire want of ·evidence that· any. ore sheet passes 
'from the Trenton down to the Lower Magnesian limestone, and, what-. 
ever may be the evidence in f~vor of the belief, it is certainly not· 
prudent at the outset of an investigation to assume that there is a 

·genetic continuity between the deposits of the two forniations. 

FIG. 9. 

!DEAL SECTlON, SHOWING CnARACTERISTIO FoRMS OF 
":OPENINGS" AND ORE DEPOSITS IN TilE DIFFERENT 
HoRIZONS. a.. Vertical Crevice Opening. b, Cave 
Opening. c, Tumbling Opening. d, l!'lat Opening. 
e, Flats and Pitches. 1~ Flats. 

SorL AND REsiDUARY C~Y. 

UPPER GALENA. 

MIDDLE GALENA. 

LOWER GALENA •. 

BLUE LIMF.S'l'ONE. 

BuFF LIMESTONE. . 

ST. PETERS SANDSTON& 
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While there is no disjunction of the lodes in passing down from 
the Galena to the Trenton beds, there is a change both in the form of 
the ore receptacle and of the ore deposits. In the Upper Galena the 
ores are found almost exclusively in vertical fisHures, or in local en­
largements of these, known as'" openings." In the Lower Galena 
and the transition beds, there is a prevalent tendency to "flats and 
pitches," while in the Trenton layers "flats'' are the dominant form. 

TnE ORE RECEPTACLES. It goes witho~t saying that the fissures 
and openings were :first formed and afterwards received the ores, and, 
perhaps, we might well follow nature's order by considering the 
character and origin: of these ore receptacles anj then the ·manner in 
which their metalliferous treasure is stored in them, but some de­
parture from this will be found convenient. 

It is a familiar observation that .rocks are habitually traversed by 
seams of varying length and width, and that these, broadly speaking, 
are wont to consist of two sets which cross each other at wide angles, 
blocking out the rock for the convenience .of quarrymen. This is 
peculiarly the cnstom of limestone, and there is in our region a pre­
valent tendency to keep sqnat·e with the world by conforming to the 
cardinal directions- giving rise to "easts and wests" and "norths 
and souths," while ': quarterings,'' "ten o'clocks," ''four o'clocks," etc., 
show, at the same time, that the rule is not rigid. These simple 
fractures of the rock gape a little and leave space for :filling. 

FIG. 10. 
1. Vertical Seams. Many of the lead­

bearing crevices are of this simple sort. 
These constitute the vertical sheet openings 
and range from the merest seam up to. fissures 
a foot or more across, filled either solidly, o'r 
partially, with ore. The ~orth. and south 
crevices are mainly of this kind and seldom 
open very widely or assume other than this 
simple form as represented in :figure 10. 

2. ·Open 01·evice .Deposits. The east and 
west fissures, however, and often the quar­
terings, are prone to open more widely and 
so sometimes furnish a rift of some magni­
tude, along the vertical sides of which the 
ore is deposited in layers, or, perhaps, more 

VERTicAL ,FissuREs FILLED often, in scattered clusters of crystals as 
WITH ORE CONSTITUTING "VER- h ' fi 1 
TICAL SHEET" DEPOSITS. 8 OWn lll gure 1 . 
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FIG.ll. 

OrEN CREVICE LINED WITH 
·GALENA. 

FIG. 12. . 

THl!l .SAME CREVICE AFTER 
'HAVING UNDERGONE SoME DE­
cAY BY· \VHICU THE ORE WAS 
LOOSENED FROM THE WALLS AND 
MIXED •WITII CLAY lhtOUGHT 
FRO~ ABOVE OR PRODUCED BY 
TilE DEeJAY OF THE WALLS. 

Secondary Openings. Whenever a fissure is not entirely closed 
up by its mineral contents and is afterward brought within the reach 
of atmospheric influences, by. the gradual wearing down of the sur­
face, and the draining away and lowering of the subterranean water, 
so tha~ the air penetrates deeply, 'both it and its contents are subject 
to disintegration. This is especially so if iron sulphide be present in 
abundance. This decay not only enlarges and modifies the fissure, but 
loosens and throws down the ores, mingling them with the day and 
sand resulting from the disintegration of the rock. Thus "openings" 
quite different from their original form are produced, and are found, 
t1early or quite, filled with calcareous sand, clay, ocher, loose ore, 
flints .and other products of decomposition. The simple, open, ver-· 
tical fissure above described, would, by very moderate decay, take such 
a form as repre~ented by figure 12. 

3. Gas!~ Veins. Very frequently a fissure opens for a space along 
its course, and again closes, forming a gash-like gap, on the walls of 
which the ore accumulates, giving rise to one of, the forms of gash 
veins as shown in fig 13. 

When at length, by erosion, the surface is brought near to the de­
posit, and decay takes place through the free admission of oxygen, the 
opening will be enlarged and filled with clay and calcareous sand de­
rived from the disintegration of the rock or washed in from the sur-
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face. Throughout this, the fallen fragments of ore will be scattered, 
and the whole may appear as represented in figure 14. 

FIG 13. Fw.)4. 

G.AsH VIEN AFTER DI~INTERGRATION. 

4. Breceia Deposits. Sometimes one.or more layers of roek seem 
to have been much fractured, where crossed by the fissure, and the 
ft~agments loosened, leaving irregular spaces between them in which 
ore was afterwards deposited. 

~~IG. 15. 

-=~"-t---...--:---...· 

SHOWING---;LOOAL BREA1UNG UP OB' 
THE BEDS FORmNG INTERSTITIAL 
SI'ACES IN WJHCH ORE DEPOSIT TAKES 
PLACE. BRECCIA DEPOSIT, 

5. Tumbling Openings. \Vhen this 
fragmentary mass comes to be disinter-. 
grated, the outer portion of the irregular 
blocks will be decomposed into sand, leav­
ing more rounded .bowlder-like masses, 
the "tumblers" of the miners, and the 
resn1ting sand, clay and ore will be dis­
tributed between these, and the whole will . 
become what is known .as a "tnmb1ing 
opening." In other instances, the frac­
turing was much more intimate and, in­
stead of large bloc.ks, there resulted small 
angular fragments; between which the 
mineral was deposited. Not unfreq uently 
these fragments appear to be the same 
that entered into the constitution of the 
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brecciated layer to which they belong and to have simply been 
fcn·ced ·apart again by breakage of. the cementing material. In 

FIG. 16. not a few instances, I found myself 
un·able to determine to my complete 
satisfaction, whether the fragmental con­
dition was due to primitive deposition 
as a breccia, or to forcible action sub­
sequently. This uncertainty arises from 
the fact that, in many c'ases, the decayed 
condition of the rock prevents all close 

. observation, and· irt. others, in ·which 
disintegration bas not· taken place, a 
crystalline granulation of the. rock has 
supervetled, of a nature about equally 
snggesti ve of modification of an orig­
inal breccia and the regeneration of a 

disrupted one. ·The. amount of inter-
TuMnLtNa orExiNa. stitial space favors. the latter view and 

is, apparently, only reconcilable with the former by assuming a 
removal of material by sol uti on, since so open a breccia conld scarcely 
be formed under the known conditions of deposition, and, in any 
event, would not be limited to the vicinity of the fissure. 

6. I-Ioney- Combed Openings. A closely analo- Fig. 17. 

gous, if not really identical, phenomenon, observed . 
only in disintegrated rock, consists of a stratnm _ 
completely· honey-combed, near the. fissure, by 
in·egular perforations and cavities. Though vary­
ing much ii1 size, i( the perforations be conceived 
as one or two inches in diameter and the more 
cellular cavities as t\vo. or three, a fairly correct 
impression will be gained. ~ portion of these 
are entirely vacant while, perhaps, a larger por­
tion are filled with the sandy residue of decayed 
rock. Within these cavities, partly in the vacant 
and partly in the sand-filled ones, the galena is . " 
d · t d · · 1 1 Tl · · t lf HoNll:Y·COMB'ED oPENING. cpos1 e In 1negu ar nmps. 1e ore 1s 1 se . 
much corroded and worn, and even occasionally perforated, m~king it 
difficult to determine how much of .the wearing out of the little pas. 
sage ways was anterior to the deposit of the· galena. It is clear, at 
least, that a considerable part was subsequent. Mining towards the 
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sides, the perforations are found to give place to sand-filled cavities 
and soft spots in the rock which graduate into more solid beds. J\fy 
view of both. theRe last classes is that the particular stratum involved, 
originally a breccia for the most part;·has bee~ crushed· adjacent to 
the fissure, .and on the removal of the disrupting pressure and relaxa-

Fig. IS. tion of the strata, spaces were left between the 
constituent fragments, in which the ores \vere 
deposited; and that some of the connected cavi­
ties beeame little water. ways and thus were worn. 
When, at length,' by the wearing down Qf the 
surface, air and oxygenated waters were allowed 
free access, oxidation of the sulphides took place, 
followed by interaction between ·the metallic sul­
phates, so. formed, and· the earthy carbonates of 
the rock, resulting in the. disintegration and par­
tial removal of the latter. And this view, ":ith 
slight modifications, is applicable to the whole 
class now under consideration. 

CLAy OPENING DERIVED Wh d d 11 th b " 1 
BY DISINTEGRATION Fuolll A . en ecaye , a ese ecorne c ay-open-
uoNEY-co:MBEn oPENING. ings," and carry the ore embedded in clay filling 
and, usually, most abuhdant toward the bottom. 

7. Gave Open1.:ngs. In comparatively rare instances, a cavernous 
enlargement of the fissure took place before the deposition of the ore, 
due, probably, in all instances to the solvent and erosive action of 
water. The only two examples, which I have seen, were unmistakable 
water-ways, on the walls of which the ores had been deposited. These 
are of course to be distinguished from cavern- FIG. 19. 

ous enlargements made after the deposition of 
the ore, which are quite common. 

8. l!'lat Openings. Still another form of 
receptacle was produced by a horizontal part­
ing of the rock.layers, le::tving a wide and flat 
but low opening between them. The ores in 
forming within this gather·ed upon the upper 
and' lower surfaces, sometimes only coating 
them more or less thickly, but sometimes 
growing ·till they met an~ filled the entire --- _,_ 
space, or at least only left, here and there, va- -·-----:--1----­
cant spaces, the "vuggs" of the miner. 
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FIG. 21. 

-

·-~ -~~( -· _r--- ·-· __ .. ~\1.,,__,-_ 

FLAT Ol'ENING. -·-FLAT OPENING. 
••• ....i.J,. 

9. Impregnations. Another form of flat deposit consists of a 
stmtum of rock, widely impregnated with ore, on either side of the 
crevice. This, especially when pyritiferous, as is often the case, is 

FIG. 23. 
·'--- II -· - - ,..----. ~ ''·' 

prone to disintegmtion, giving rise to a flat clay or sand opening, car­
rying disseminated ore. This form is sometimes combined with the 
preceding, producing a complex type. 

10. 11 orizontal Sheets. In still other instances, thin seams of ore 
form along the bedding joints of the rock producing attenuated hor­
izontal sheets, analogous to those filling the narrow vertical fissures. 

11. Stockwerk. A complex type occasionally occurs in which 
small irregular seams and rock impregnations are combined forming 
a species of "stockwerk." This is of merely limited and local extent 
and is not to be compared to those typical cases in which extensive 

· masses of rock are pervaded by a complete network of small veins. 
This class merges into the brecciated type above described, and is 

only a ,passing phase of deposit, so to speak. 
12. Flats and Pitches. · But by far the most peculiar and interest. 

ing type consists of the combination, aptly styled "flats and pite.hes." 
This type has heretofore received little more than passing notice, or 
brief description, and seems not to have been recognized as the 
domiuant form of the lower horizons, or to have been thought to pos­
sess any especial significance. It cannot fail to be very instructive, 
lwwever, if studiously considered. To gain a correct view of the 
essential characteristics, conceive a vertical crevice, after assuming 
the usual phases in the. upper Galena to pass down as a close seam 1 
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. FIG. 24. --except when occa­
sionally interrupted 
by a" chimney" or lo­
cal opening-througb 
a solid stratum, which 
.constitutes the "cap 
rock." Immediately 
beneath this is a hori­
zontal opening caused 
by the. separation of 
the beds. This may 
have a width of sev-

- enty-five feet . or 

IDEAL SECTION OF ''FLATS AND PITCHES,~; SOl!IEWUAT DISTORTED more, and a Vertical 
AND Sil!IPLU'IED FOR THE SAKE OF CLEARNESS.· . ' ,· depth ~arying fr01U 

a few inches to one, t~o, · or three feet, very rarely exceed~ 
ing the latter. The ores in _this part customarily adhere to both 
upper and under surfaces, and often nearly or qnite fill the whole 
space, forming a rich .deposit. This constitutes the "upper flat .. " 
Conceive this to terminate on both margins in a fissure passing down 
obliquely across the underlying bed for. three or four feet, more or 
less, until it intercepts the next lower bedding plane, when it follows 
this horizontally for a few feet, usually nearly equal to the previous 
descent, and then again breaks down across the beds, only to again 
:flat, and so continues to pitch and flat until it reaches the soft; thin 

· beds and shaly layers of the Trenton lim~stone, with which, so far as 
my observation goes, the zig-zag system terminates. Instead of a 
single oblique fracture on each side, th,ere are often two or more, one 
of them, however, being usually largest, and carrying most of the 
ore. At the angles along the stair-like declivity, a minor sheet of ore 
frequently projects a little distance along the bedding plane, as shown 
in figure 24. Besides the upper flat there. is sometimes a second one 
only a few feet below it. In such cases the vertical fissure usually 
passes down to it, but is not t1·aceable beyond. Sometimes vertical· 
fissures come down from. above at the sides as well as center of the. 
upper flat, but they are close crevices, save that there are local gaps 
and enlargetp.ents-" chimneys" or otherwise. When the diverging 
zig-zag ci·evices reaeh the thin-bedded T1·enton limestone, interleaved, 
as. it is, with partings, and intercalated beds of carboniferous and 
c1a~yey shales-the "calico rock" of some localities-and the. pipe-clay 
opening, they often become connected with each other by a wide :flat, 
stretching from foot to foot, sometimes in and sometimes a little 

.. 
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above the pipe-elal opening.· This· :flat, unlike that above, ·itt seldom 
formed along a unito17m parting· of the beds, but traverses them more 
irregularly, sometimes splitting up much .and occupying small frac­
tures, or not uncommonly tal<ing the form of an impregnation of tl1e 
soft rock, as in the case of the '~speckle jack" and "strawberry:­
blende" of Miffiin and analogous· deposits elsewhere, presently to be 
described. 

Such deposits as occur at lower horizons· usually take the form of 
irregular horizontal sheets or impregnati~ns of 'the rock. Vertical 
crevice deposl ts, like those that characterize the upper portion of the. 
Galena limestone are rare.·· · 

SPECIAL DEsCRIPTIONS. The foregoing constitute types of the more 
common phases of fracture a~1d opening which the strata have presented 
for the reception of the metalliferous deposits. The general manner 
in which the ores have been implanted in these and the aspects a.ssumed 
by the whole as the result of decay have also been incident~lly indi­
cated. Prepared by these generalized views, we may, the more con­
veniently, consider individnal deposits and special features. 

It was my original purpose to reproduce here all the importantde:fi­
nite descriptions and figures: that have been published by preceding 
observers, but to do this would greatly extend a discussion already in 
danger of being too prolonged, and I am quite reluctantly compelled 
to abandon the attempt to pi·esent a detailed description of the entire 
mass of faCts that have been trustworthily observed.. The descriptions 
of Percival, Whitney and Strong are, therefore, commended to such as . 
may desir·e a greater mass of details than can here be given. 

Breccia an:d Honeycombed Openings. .h:mong crevice .. opening 
mines, those of Mnscalunge have been more actiyely worked, during 
the progress of our investigations, than others and fairly represent one 
phase of this general type. 

The Atkinson range may best be taken as a standard example, not; 
only becanse it is one of the great ranges of the region, but because, 
being entered horizontally from the hillside, and being dry and venti .. 
lated, it is, and doubtless· long. will ren1ain. readily accessible to 
examination. Crevices descend from the surface developing in the 
upper horizons the "twelve foot opening "-named from its height 
or the thickness of its cap- and, in the lower, the." sixty.five foot 
opening," ·lying that distance below the former, with a "false open­
ing" between. Ore is sometimes found in the descending crevice, 
but it is of little consequence sav~ as a leader. The "t~eh?e foot. 
opening" was not accessible to s~tisfactory examination at the time 
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of my visit. On approaching the "sixty-fiv~ foot opening" the 
crevices usually close to a mere seam and pass through a solid bed 
.which forms the cap rock. This is, however, broken at intervals by 
"chimneys" which rise to considerable heights and sometimes bear 
considerable ore. Below the cap rock, the beds, for a depth of about 
four feet, are mtlCh honeycombed and softened by decay, after the 
fashion above described as "honey-combed openings." This structure 
affects the rock for a varying width, the average of it in the Atkinson 
range being about three feet. The next bed below this is firmer and 
less modified, so as :nearly to close across the opening, forming what 
is known as the " middle rock/' Below this the rock for five or six' 

Fig. 25. 

SECTION OF DEPOSIT IN AT­
KINSON R,&NGE. 

Fig. 26. 

WHEN MINED OUT. 

feet is decomposed and honey-combed more freely than above. At the 
base of this lies a bed studded with flint nodules which terminates the 
mined portion, but not at all points the softened rock. As it ap­
proaehes this flint bed, the opening often divides into two branches. 
which divet·ge somewhat, leaving a ridge ("horse" or "hog's back") 
rising in the center between them. The whole structure may be 
apprehended from the accompanying figure. On the sides there is 
no sharply defined wall rock although the softened limestone graduates 
somewhat abruptly into the firmer form and the miners sometimes 
term this the wall rock. The bottom of the excavated opening is said 
to be soft along a considerable portion of its length, indicating a descent 
of the fissure and d.ecomposed rock, but the lower levels have not 
been proved here. In two or three mines in this vicinity, consider­
able streams discharge precipitously downward with gurgling noise, 
indicating an open passage way below. The inference, from this and 
other data, that there is another plane of openings below, i.s fully justi­
fied. It is said to have been actually reached and found to carry ore, 
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but the rock was reported much broken up, leaving masses 'veighing 
several tons with little support, rendering mining dangerous and lead­
ing to its abandonment. This difficulty cannot be presumed to be a . 
general one, but as the plane of this opening lies mainly. below the 
water level, the question of sufficiently economical drainage is the 
main practical one. 

The ore here is nearly pure galenite. Iron pyrites is quite rare, 
but seams of rust and the ochery nature of the decomposed rock indi­
cate that it was originally quite abundant and that its decomposition 
was ·one of the agencies that produced the disintegratio.n of the asso­
ciated rock. Zinc ore is even more rare. The Galena is sometimes 
above the "middle rock," sometimes below, and sometimes on both 
sides. Occasionally the crevice bars up, i. e. solid rock replaces the 
decayed so that there is only a slight communication near the top of 
the opening random. In such cases it is asserted that the ore makes 
heavy just above the har, i. e. at the point where drainage through the 
opening would be dammed back. 

The ore is· formed in the cavities of .the honeycombed rock or in the 
loose sandy lnaterial derived from its decay and is of the coarsely crys­
talline, ".chunk mineral" variety. It is itself, however~ much worn, on 
the snrface, a fact which speaks of Inuch corrosive change since its 
deposition. 

It is of course impossible to restore from positive knowledge the 
precise conditions at the time of deposit, but it appears ·highly proba­
ble that, in the operations by which the crevice was formed, these beds­
already of irregular conglomeratic texture- were crushed near the 
fissure, and, instead of subsequently opening into a definite crevice, 
formed a fragmental mass, in the interstices of which lead and iron 
sulphides were deposited. On the access, afterwards, of atmospheric 
agencies, decomposition and corrosion ensued, giving ·rise to the 
modifications of both rock and mineral that are now observed. 

The bars are simply portions less affected by these. changes because, 
origiDally sounder and less impregnated 'with mineral matter prone to 
decomposition. 

He who seeks an exhaustive explanatiOn of these special deposits, 
will not f<til to be impressed with the uniformity and persistence 
with which they take place at given horizons. The profile on Mr. 
Wilson's map of Muscalunge diggings-Atlas Plate XL-shows 
th~s vividly. The same plane embraces the "sixty-five foot openings" 
for the whole Beetown district. It is, therefore, evident, that the 
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occasion of this must lie in the nahtre· of the stratum itself7 and, 
waiving a full discussion till we reach the consideration of the origin of 
the crevices and the attendant phenomena, it may be here· suggested 
that the irregular conglomeratic texture of the rock would rP-nder 
it.p3cnliarly liable to fracture whereas more homogeneous beds might 
either resist successfully or become simply eom pressed. 

In further illustration of the same type, Genti~'B lode, at Hazel 
Green, an unimportant but instructive deposit, may be selected. A 
fissure descending through the Galena· limestone, develops' a narrow 
"opening" at a. depth of forty-five feet. This appears to have origi­
nally consisted simply of broken rock, probably a disrupted breccia, 
between the fragments of which the ore was deposited. The seams 
and cavities \Vere largely first coated with iron pyrites- which 
appears to have also impregnated the rock to some extent- and then 
the galena partially, or wholly, filled the remaining sp~ce. · At some 
voints, howevet•, it appears to be directly adherent to the rock without 
any interposed film of iron sulphide. After the cessation of metallic 
growth and after the lowering of the water-level had bt·ought the 
deposit within reach of. atmospheric action,· the iron sulphide was 
oxidized, a portion being removed, and the rest remaining as the iron 
oxide; which, in the form of a reddish ocherous layer, lines the 
cavities and stains the sandy residuum of the decomposed rock. The 
galena has been less affected, though its angles have been rounded 
and its surface much eaten. The decomposition of the rock is, doubt­
less, partly dne to the direct action of atmospheric waters, but largely· 
to chemical reaction between ·the decomposition-products of iron 
pyrites and the limestones. Thus·the result is a softened rock lined . 
and stained with ocher, containing corroded lumps of galenite, form­
ing an "opening," in miners' parlance. 

The galena is disposed mainly, in a rude Yertical belt, near the 
line of the crevice, and is sometimes, but not at all properly, termed 
a sheet. The decayed rock extends but one or two feet back from the 
crevice on either side, beyond which the rock becomes more firm, 
forming the "wall," improperly so called. At fifty-seven feet and 
sixty-nine feet. depth, respectively, on the crevices, essentially the 
same phenomena are repeated, making three planes of openings . 
. Turnbli'ng Opening8. Closely allied to the foregoing type, in its 

nature and origin, is the "tumbling opening," a good example of 
,vhich is found in the Bobbins' mine (Davison & Co. range) at. Platte­
ville, as illustrated in the accompanying figure. 
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From the soil there descends a fissure- two 
or three inches in width where .I observed it­
filled with dark "joint clay" v.ertically lami­
nated. This 'clayey earth was, undoubtedly, 
carried down into the crevice from the surfaee 
and indicates the descent of a gentle oozing 
stream of water. At the depth of about fifty 
feet., this reaches the "opening" near one side, 
and terminates.. This "opening," which the 
novice. will remember is not an opening at .all, ' 
or at least only a slight one fot·med by the sink­
ing down of the· filling, consists of rounded 
masses of limestone, mixed with clay and cal- . 

...,~~~~~'- careous sand, .taking ~he place of the original 
rock for a few feet in width and height along 

Cross the line of the fissure. When excavated, such 
BINS' MINE. PLATTEVILLE, 

'l'uMnLING OPENixa. openings take the form of irregular horizonta~ 
tunnels and this artificial condition too often constitnt~s the. concep­
tion of the incautions obsorver and finds its w_ay into treatises on the 
subject. The. ro~nded masses of rock are "tun~blers," in the graphic 
phrase of the miner. They are.the undecomposed nuclei of blocks 
of the original rock. I.n this mine, they have not even lost .their 
original pos'ition, but still permit t~e distinct tracing of the original 
bedding across the opening. Their rounded fot·m is not at all due to 
rolling, but simply to solution and decay. They are "tumblers". from 
present disposition, as the miner well 'knows, but not from past his­
tory. In other cases where the dec.omposition has proceeded farther 
and the whole mass has settled down from loss by solution, the bed­
ding is more completely obliterated. These H tumblers'~ have a soft, 
sandy exterior and are imbedded in dolomitic sand, the residue of 
their own disintegratiqn. Along what were originally the joints of 
the rock, there are seams of clay. These are more often horizontal 
than vertical, bnt may be found in almost any attitude; the horizontal 
ones corre:;ponding to the bedding joints, and the others to vertical, 
oblique and irregular fractures. Lumps and pockets of clay also oc­
cur. The seams of clay, especially the horizontal ones, are often lam­
inated. It is not easy .to satisfactorily determine, in many cases, 
whether the horizontal clay seams 9.re due to deposition in an. oper.~ 
crack, as is the case of th.e vertical fissn~~' or whether they are the 
residue of original shaly layers and partings in tl~e Ga:len_a limestone, 
since both forms occnr. The vertical and oblique seams and the 
pockets evidently belong to the former class. Bands of clay and 
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sandy matedal, mutually interleaved, .are common. The most of the 
ore observed in this mine lies imbedded in close, clayey and sandyi 
seams in the form of small crystals of galena. These exhibit a nota-·. 
ble proneness to truncated forms. This may plausibly be attributed 
to the resistance of the earthy matrix in which they grew, since 
such forn1s involve a less unequal radial displacement of the sur­
rounding matter. All doubts that they formed in yielding earth .may 
be dispelled by. observing the displaced laminre of the inclosing clay, 
pushed aside by their growth, as well as their complete forms, and 

• the entire absence of points of attac~ment. Some of the ore here, 
· and probably .the larger part of that formed in similar openings, 

shows evidence of attachment on one side and of unresisted growth 
on the other, such as would occur in an open cavity. The imbedded 
crystals form layers, or "leads," in many cases, but, in others, they 
are aggregated in bunches or pockets. These "leads" lie in various 
attitudes, but mainly horizontal. 

Il'indred Oomp?ew Forms. There is a class of very important 
mines, allied somewhat closely to the preceding in the implanting of 
the ore in b:·oken and brecciated rock, but somewhat analogous to 
fiats and pitches in the general for.m of the deposit. These from 
their great richness and adaptation to mining were early worked out, 
and precise details can now only be obtained from testimony and the 
evidence afforded by the mine vaults and the dump pile. But these 
are essentially satisfactory. Craig's lode, at New Diggings, from the 
unusual neatness and order. with which the mining has been con­
ducted, its amplitude and large yield, as well as the intellig~nce of 
the testimony of its owner, furnishes the best available example·. 
The mine, in its several parts, exhibits considerable complexity of 
deposition. Flat sheets are common. At some points the galena is 
scattered in lumps through the interstices of a decomposed brecciated 
rock, similar to that of the Mnscalunge mines, already descl'ibed. At 
other points vertical sheets occur. But that which especially claims 
attention here is the great swell of the opening of the main range in 
its central portion, where it reaches a width of thirty-five feet and a 
height of twenty to thirty feet. The roof is formed of a massive 
cap rock which maintains its position without support. Beneath this 
the ore lay in a grand massive arch somewhat as represented in the 
accompanying figure. The central portion is occupied by massive 
blocks of brecciated limestone, some of it essentially in place and 

. some of it much disturbed. Nca-r the middle line, huge, rough 
piers of rock are left unexcavated. Associated with these are ruas­
si ve blocks tilted at high angles.. It is not entirely clear how much 

.. 
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of this displacement may be due 
to disturbance and how much to 
settling from above. The first con­
servative tendency is to attribute all 
to the latter, but a more careful 
consideration makes it quite evident 
that more forcible mechanical ac-. 
tion has been suffered. Perhaps the 
clearest evidence of this is found. 
in an associated range lying parallel 
to this on the north. Here the 

FIG. 28. 

-·.-::c.- "'"'--....:::::::----'· ---- ='---

drift-like excavation is on the hori- <.:Ross SEcTroN oF CRAie's MAIN LonE, NEw 

ZOn Of a thin layer Of Clayey, Carbon- DIGGINGS. 

aceous, gray shale. This ·enters the drift from the north near its 
upper portion and curves sharply downward, leaving it from its lower 
portion, as shown in the accompanying figure. 

Fw.2D. 

CROSS SECTION OF A LATERAL 

Imme~iately below the shale there was de-
posited a sheet of galena, reaching a thickness 
of fourteen inches. Toward the eastern. ex­
tremity of the w~rkings, the warp in the beds 
become~ very slight. It is eVident, there­
fore, that here is a local flexure of the ~trat~ 
and that the main range. i~ ·on the 'depressed' 

· side, in harmony with the· general rule before· 
established. The solidity of the·a~jac~nt rock, 
as shown by the co11nectlng drifts, .l~aves no 
reason to snppose that tbis flexure is due to the· 

~o~:n~:oi~~Es,~~~,~~N:~~~~: settling of decayed strata, but rather to the 
URE oF THE sTRATA. yielding of beds alreadj somewhat depressed' 
under tl~e influence of lateral pressure. ..A.n'd to the same cause. may 
be attributed some at ]e·ast of the displaceme~t of the blocks in. the: 
master I;ange. 

Besides the great arc~1 of ore, the mineral is variously sca.tte~ed and 
insinuated among the material of th~ opening ground. The roGk bas 
suffered rnuch decay, resulting in the copunon calcareous ·sand, or 
"opening dirt." The ore is exclnsively galena, but ocherons stains 
imply the former presence of iron pyrites: vVhere bars of undecom­
posed rock close up the soft ground, t~e bar rock is seen to he a very 
hard gray-blue dolomitic breccia -\vith angular geodic cavities lined 
with pyrite ann occassional crystals of galena. 

Oaverrw1ts Oqannels. South· of Mr. Craig's honse, a drift was 
being driven along an interesting water way, of which the accompany­

VaL. IV.-30 
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Fig. 30. _ ·. ing figure represents a· cross section e~-

;_: _:~~~- posed at the time of my visit. It was :.... .. ~if less than three feet in width, by one in 
~ ~ ~height, and of irregt~lar and constantly 
--£-...- Jt'flr._~ h . f Th . . I' d ... ~~:;~' :·.~~~.:::~c angmg orm. e mterwr was me 
_!:,.... -_-;.::-:::-'=-~~~? L-- . with iron sulphide, mainly marcasite, 

CROSS SECTION Oll' A CAVERNOUS With a little galena at SOme pointS. 
WATER-CHANNEL LINED WITH PYRITE • 

AT CRAIG's, NEw DwGINas. Amon()' the excavated material at the sur-
. • b ' 

face, copper carbonate was observed as a coating, doubtless derived 
from copper pyrites, associated with the iron. The adjacent rock was 
of mineralized irregular stnictnre. The channel was partially occu­
pied by a small stream flowing rapidly eastward. In connection with 
the direction and d.escent of the stream, it is worthy of note that ox­
idation is m ncb more marked at the west, or higher, end of the dl'ift. 
It is asserted that when the wind is in t~e east, air, capable of prompt­
ly extinguishing a candle, issues from the small lateral openings. Sim­
ilar phenomena ar~ reported e ]sew here. Probably the real cause is 
the reduction of barometric pressure [often accompanied by an east 

·wind] which cause.s an expansion of the air and carbonic acid in the 
crevices and cavernous· spaces of the rocks and consequently an· out­
ward :flow. 

A similar cavernous channel occurs in connection with a workable 
deposit on the flat of Fever river, east of Benton (S. W. cor. Sec. 3 
and S. E. cor. Sec. 4. T. 1, R. 1 E.). 'The horizon is the carbonaceous 
layers above the green shale, or pipe clay, the strata consisting of al­
ternating layers of carbonaceous shale and limestone closely and 
somewhat irregularly interstratified. The water-way is a small irreg­
ular branching channel, through which a small stream flows. It is 
lined with blende: pyrite and large crystals of calcite. 

Closely associated w'ith this metallic water-pipe is a considerable 
deposit of blende 'vith mnch pyrite and calcite and a little galena. 
The ores take the form of flat or inclined seams that often wedge out. 
in both directions, while at higher or lower points corresponding sheets 
wedge in, i. e., this is the appearance as seen in the working face of· 
the mine. Doubtless if all the intervening rock were dissolved out, 
the whole would still stand as a single interoscnlating group of irreg­
ular, tapering sheets of ore. The ore bands often pitch, or "roll," 
from one level to another, yet always confining themselves to the car­
bonaceous stratnm. The ore is usually heaviest on the roll. The 
order of deposition of the ores is not alike at all points, but most 
commonly the iron sulphides line the 'valls, with blende next and often 
calcite or pyrite following, forming the center of the banded vein. 
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Galena when present is later tlmn the- blende. · At one point the or­
der was (1) pyrite, (2) blende, (3) pyrite, (4) cal~ite, (5) pyrite. 

Geodia Cavern8. Eollowing in the line of cavernous deposits, ref­
erence may be made to a huge geode described to me by J. IL Evans, 
Esq., of Platteville, as occurring near Hazel Green. Its dimensions are 
given as from two to three feet in height, three to five feet in width and 
seven .to eight feet in length. The uneven interior was inct·nsted with 

FIG. 31. pyrite studd.ed with black 
crystals o~ blende forming 
a beautiful combination. 
A similar cave deposit is 
described as occurring at 
Bunc01nb. Next the 
wall lay marcasite to 
which, usually, blende was 
attached, but, at some 

points, galenite seems al­
so to have begun its 
growth upon the marca­
site. Usually the galena 

GEODIO CAVERN NEAR HAZEL GREEN, PYRITE NEXT THE 
HOCK TO WIIICII BLENDE CRYSTALS AHE ATTACHED. reposed UpOn the blende 

and both were·speckled wi~h adhering crystals of lead carbonate. 
Professor Whitney describes a cavity at Shullsburg three or four 

feet in diameter, studded with very large crystals of galena firmly at­
tached to its walls. 

It is ueedfnl to observe, however, that true cave deposits are rare, 
and are probably in all cases quite limited enlargements. of small 
water veins. The great caves, that are not uncommon, were formed 
subsequently to the deposition of .the ore, and, in a study of the meth­
ods of deposition, must be sharply distinguished from the few cases in 
which the strata were eaten into caves and tunnels beforehand offering 
their walls for the attachment of the ores. 

Stoakwerk. Of those deposits which approach a "stockwerk -'~ 
in character, the mines of Preston Point-:-better known under the 
less euphonion~ name of Dntch llollow- FIG. 32. 
are our best examples. Instead of a few ~~~~ 
pronounced fissures or horizon tal separa­
tions between the beds giving rise to ver­
tical or flat sheets, or -localized openings, 
the limestone- has been more generally 
and minutely ri-ven and seams and floors 
of lead and zinc ores· permeate it exten- SECTioN AcRoss PnEsToN PoiNT, 

f h f 1 SHOWING SYNCLINAL, AND BRECCI· 
sively, rom near t e sur ace as ow as ATED .urn MINERALizED RocK. 
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mining has penetrate_d.· In ad4ition to.this network of· sHeets, the 
body of the dolomite is widely impregnated with scattere.d l,umrs of 
lead and zinc ore, the former as usual predominating in the uppet· 
levels, and the latter below. The exceptionally fractured condition o~ 
the rocks here is doubtless closely related to the unusual narrowness 
and sharpness of the stratigraphical depressiot:t in· which they lie, 
wlii~h would naturally re.mlt in more concentrated and intimate crush: 
ing and fracturing of the beds, under the force of later~l pressure, 
tlian would take place in the broad shallow basins of most districts, 
and there would likewise be less opportunity for the gaping 'of the 
crevices on the relaxation of the pressure. . 

Flat Openings. 0£ the numerous horizontal :flat deposits, those 
of Dodgeville a·re the most abundant and interesting. While vai·y­
ing in their special features, they consist essentially of a separation 
of the limestone beds to the extent of a dozen or a score of inches, 
·more or less, in height, for a width of a hundred or two feet, and for 
a known length varying from a few hundred tp two or three thousand 
feet, filled with ore. They at·e usn~lly thickest in the central portion 
and thin out toward the edges. The thin marginal portions are, there­
fore, not usually mined, and _the exact width of the deposit is seldom 
accurately known, except at occasional points where mining has been 
extended for the sake of testing its extent. In most instances, it is 
perfectly clear, from the nature of the ore filling, that the separation 
of the beds took place before the implanting. of the ores and was not 
due to a~lY intrns_ive or crystalline force, inherent in the deposit itself. 
Some, however, instead of being simple sheets hetweerr well defined 
layers of rock, split and reunite, forming betwee~ and about cracked 
and riven layers of rock, leaving it less clear that all the mechanical 
action preceded the deposition of the ores. In other cases, "dice min­
eral" and blende impregnate soft beds of. rock in sheet-like belts, in 
·which instances it is quite evident that the metalliferous crystals dis-
placed the_yielding rock, in the process of their growth. · · 

These flat ·deposits are connected with cre_vices descending from th~ 
surface. Thei·e is :nsnally at least one such fissure that is· marked and 
persistent and; in the wider and stronger ranges, three crevices are not 
uncommon, one near the center and one near each lateral margin. In 
cases where oxidation has taken place, it is most advanced in the 
,;:icinity of these crevices and has evidently proceeded thence. It is 
very common here and elsewhere for the central portion of the sheet 
to be somewhat depressed, forming a very shallow trough. 

The great flat of the Sobey and Davey mine exhibits most of these 
characteristics and will be taken as an illustration, though tl~e minE,), 
as a whole, belongs to the :flat and pitching class. A surface plot ·of 
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~he sheet is tha:pped by Mr. Stmng in Volume II., page 731. Near 
the center there is a crevice, descending from above, which is quite 
pe~;sistent along the cop.rse of the range. At the sides are less notable 

FrG. 33. seams, not everywhere ob· 
servable in the mine. The 
sheet sags about two and 
a half feet near the mid. 
die, where also it is the 
thickest. The ore here is 
nearly all blende, changed 
m01·e or less, on the wings 

SECTION OF Fr,AT DEPOSIT OJ!' TllE SOBEY AND DAVEY l\IINE, 

DoDGEVILLE. and near the central crev. 
ice, into smithsonite. Pyrite is but feebly present, except near the 
inargins, where it· is more abundant; Oalcit~ is disposed in a similar 
1nanner. As the ore is mined westward toward the summit of a 
ridge it "I)inc·hes up," and on the west side, the south half of the 
sheet is said to· have been ·galena, while the north half was blende. 
The opening is generally filled· solidly with ore, but at some points 
there is a small space between the upper and lower half of the sheet, 
·and o~casional geodic cavities:-" vuggs "-are found. In this vicinity 
the fiat sheets show a singular tendency to curved forms, as may be seen 
·by a glance at Atlas Plate No. X:XXII., and, what is further remark­
'able,- tliere ~s: a 'seeming tenden.c,y to follow the brow of the main ridge 
·or bill on: which t'he ran·ge niay be sittiated. If this occurred in fewer 
1nstances, it inight ·be dismissed as a mere coincidence, but it is diffi­
cult to escape· the 'conviction that there is some genetic connection be­
t\veen the: ·tt:>pog'raphy and. the ore· deposits, either direct or through 
·soi:ne.commor1'ag€mcy; to which they are. both related. While I have 
thus fai· beeti:t1nable to find an explanation that, in its det~ils, is satis­
factoi·y to niysei'f;,the general principles to which this discussion will 
lead will relieve the phenomenon of much· of its strangeness and sug­
gest au explan~tion of-most o_f the difficulties. 
· Th.e great inajority of _the fiat openings are associated with ore­
·bearing vertical crevices, or with some system of flats and pitches, 
indeed it may be questioned whether they do not all belong to some 
·such system, the other portions of \vhicb are seemingly absent by 
-reason· of denudation, feeble-developinent, or lack of discovery . 

.F-;lats and £>itches. 'J'he niost Ctirions and significant form of de­
posit· is~ beyond question, that of the flats and pitches. Among the 
·numerous examples, a· few must. suffice· 'for special description. In 
some respects the 'Ro~erts mine, near Linden, though not the most 
important, furnishes pur best initial example .. The following typical 
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section was made under the, direction of Captaig John Poad, and 
verified by personal observatio; so far as the accessibility of the mine 
would permit. These crevices descend from above, one near the 

FIG. 34. 

·SECTION OF FLATS AND PITCIIES OJ' RoBERTS MINE, LINDEN. Upper'flat !'beet, 1 ft. thick; lower, 
2ft. thick; on the-pitch~ in. to 8 in. thick; sag of lower 1l.1t, 3ft. 

center and one each on the north and sonth margins of the upper flat, 
the trend of the range being east and west. . These crevices termin­
ate in a fine flat opening about forty feet wide and one foot in depth. · 

·On either side this descends by slopes and steps through the lower 
beds of the Galena limestone till the stratum, known locally as the 
''blue-bed," is reached, at which point the divergent sheets are found 
to be seventy-five feet apart. On the pitches the ore is from two to 
·eight inches thick. It usually follows one main crevice, but some .. 
times branches into minor seam~:_~., reuniting below, as indicated in the 
figure. Through the "Blue-bed" and what is here termed" Quarry 
rock" (not to be confounded with the Buff limestone below, also known 
as "Quarry rock"), a narrowed seam descends nearly vertically. On 
reaching the "Brown rock" the crevice reverses its pitch, and on en­
tering the "Glass rock'' forms an extensive flat, two feet in maximum 

FIG. 35. t.hickness, having a cen-
== -=--~ f;--c_ ::::t-- tral sag of three feet . 

..----n - ~r;--...____....._.- ~~.--- B l h' 
~- .. -- -d!~~~~~'--=- -- e ow t IS point the 
-_,._-~ '~:,--~.~~:~)~~ ~/, -~ · disposition seems to be 

~~ toward impregnation of 

=--~ _~{--~-~~~ ~~;~~:~::a~~er~:~t ~:~ - f'"L "7 li\JRL' .... r __ - -~ 
r·~~.::- ~\rf"' ___ 2'""' t..::--::::::.:.- c. fined veins. The depth 

SECTION OF CAVERNOUS FLAT DEPOSIT, RoBERTS :MINE, frOlll the Upper tO the 
LINDEN. Order of dcpo~it: 1, rock; 2, pyrite and marcasite; 
3, bleude; 4, galena. lower flat is about fifty 
feet. Figure 35 illustrates the nature of· an opening exhibited on one 
of the flats at the time of ~nspection. 
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Next the. roc1r, both. above. and below, lay iron sulphide, in the 
forms, pyrite and marcasite. To this was attached a layer. of blende, 
over the inner surface of which were 1ar2'e detached acrO'rectates of 

...., l::IO n 
·galenite c•·ystals, leaving a low cavernous space unoccupied. At one 
point a portion of the roof-ernst has become detached at one side and 
fallen, leaving the other side still essentially in position. At other 
points, not figured, considerable masses have fallen entit-ely. In some 
similar instances there is evidenc8 of .deposition since the fracture and 
displacement. Some of the galenite crystals are coated with the lead 
carbonate, cerussite. At a number of points in the mine there are 
seams from· which ooze forth red oxide of iron and black oxide of 
manganese· coating t.he rocks down ·which they flow, showing that 
active decomposition is in· progress. The order of deposits given 
above, (1) iron, (2) zinc, and (3) lead sulphides, is that common to the 
mine. The carbonates and oxides are all due to subsequent changes. 

There.are many individual exceptions to this order, however, if at­
teution is contined to a circumscribed point or to hand specimebs, 
owing, it would appear, to the fact that the ores were in some mea:sure 
laid down simultaneously. 

One of the most remarkable mines of the whole region is that of 
·:Messrs. Ross and llenry, near the village of Linden, formerly known 
as the 11 eatllcoclc range. For its salient features, refm·ence is made 
to the description and plot of ~ir. Strong, Volume II, page 726, and 
only those points imri1ediately bearing upon this discussion need. be 
cited here. This deposit begins as high up as the flint beds of the 
·Galena limestone. In its earlier hiatory, it appeared to consist simply 
of three parallel crevices making ore in sand and tumbling openings, 
after the habit of that horizon, and, as such, proved exceedingly rich. 
But on being traced downwm·d the veins were found to join a com. 
mon wide flat sheet. On either mar~in, this sheet turned down and. 
on the north side, dipped q nite uniformly to the lowet· fiat in the 
Glass rock opening. But on the south side, the more common habit 
of altemat~ pitches and flats was found to prevail, cotn plica ted by 
subordinate sheets, which unite with it and join the common fiat 
below. · This lower fiat lies in the Glass rock opening and. has been 
worked mainly in connection. with ·the south pitch, but has· been 
proved to stretch across to the foot of the north pitching sheet, a dis­
tance of 180 feet. This flat, as is common, is depressed along the 
center. The essential features, therefore, are three descending verti­
cal crevices, bearing ore according to their usual methods, uniting at 
their base with a common flat, wbich pitches do\vn on both sides and, 
at a lower level, forins a second wide fiat; in other words, the same 
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,sali~nt JeatuFes. as those ·of .. the ·simpler Roberts· mine, but stronger, 
'richer· anc( ino~e· varied: .Figure. 36 ill~strates an. irreg-ular method 
:of br~ncl~ing sl1own by on.e .of ·tl~e· pitching veins •. i,he wall~ are 
, th~nly lined "\Vith iron pyr!te~ on which the main. filling of blende 

FIG. 36. 
-,~ ~~-=·~~--
~ -~~"}~~ 

FIGURE SnowiNG BnANCniNG OF VErN IN LINDEN :Mom. 
n, rock; b, iron pyrites; c, blenclc; d, calcite. 

lies, in the occasional partings between which calcite occurs. Occa­
:sionally a caverno'us· opening occurs lined almost exclusively with cal­
.cite. In the m~in lower flat ~·crust of iron pyrites usually lies next 
the wan rock ·and is-overl;:tin by a sheet of biende, to which is attached 
caleite, when present. Galel)a, when it occurs in the lo\ver horizons, 
is sometimes imbedded in the ble~de .and sometimes mounted on its 

FIG. 37. surface. It is usually older 
. ~ .... ;...- ' '";?>'-

.----,"~---r--1 "=,.:-:--· _..2u, :-· :rmmiJ111iinrmrJ11f" in deposition than the cal-
cite, and, on the whole 
younger than the . blende. 
Calcite is sometimes cnri~ 

ously intermixed with the 
blende, as shown in the ac­
companying :figure, which 

Tu~~C:c~N~~1~~N ~~]~~~: ~~~~~ AS:Oo~~9111J:0ELE~".t_~ also illustrates the fractured 
SOOIATION ru' BLEN)JE AND CALCITE. COnditiOn Of the fOCkS, and 

the apparent envelopment of a block of it in ore. 
. The· m,ining 1·ec~rd of this lode, which is one of the most cornplete 
and accurate in the lead region, as well as one the highest in point 
~f yield~ furnishes some very interesting and valuable data in. refer-

. ~nee to the vertical distribution of the lead and zinc ores. Previous 
to 1854 the mines were owned by the Messrs. Heathcock, by 'Yhom 
~0,000,000 pounds of lead ore were asse1·ted,. under. oath, to have been 
raised. This was all .. obtained, essentially, in the upper horizons,·. above 
the water level~. Zinc ores, not being then valuable, were rejected. 
'fhe Linden Mining and Smelting Company) on coming into pos-

I 

.. 
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session, mined and cleaned up the old· burrows, wash -places, dumps 
and drifts ~n~ obtained 2,85q tons of blende a!ld 150. tons of smith­
sonite, 'together with 1,500,000 pounds of galena- or, in other 
~vords: 6,000,000 pounds of zin~ ore, ~gainst 1,500,000 pounds of lead. 
}3ut probably~· part of this zinc ore was associated with the lead ore 
previously mined, though .undoubtedly in less relative proportion. 
But as the correct distribution cannot be made, the .whole may be put 
~ogether, from which it will appear that 41,500,000 poun~s of lead ore 
:were taken out in the fii·st. two stages of .mining, against 6,000,000 
pounds of zinc ore, a ratio of nearly 7 to 1.. 
. Since 1874, Messrs .. Ross.and fhlnry have own~d and operated the 
mine and have raised only 1,500,000 pounds of lead ore· to 36,000,000 
pounds of zinc ore, or twenty-four times as much of the. latter. But 
taking the whole together, there are 43,000,000 pounds of lead ore 
against 42,000,000 pounds of zinc, a vet·y pear equality of totals; or, 
if the ores' that may fairly be said to be "in sight" b,e reckoned, the 

zinc will fully equal the lead, and if the pr<?bapilities of the future be 
estimated, the z.inc undoubtedly wonld predomirtate largely. We 
have therefore here a somewhat definite mathematical expression of 
the fact, so widely observed, that the lead ore greatly predominates in 
the upper portion of the lode and zinc in the lower, and that there is 
a gradual transition from the predominance of the one to that of the 
other. 
· Among the mines not~d for their endurance and large steady yield, 
those of Mifflin are among theforemost and furnish added instances 
of the dominant character of the type under con:;ideration. There is 
here a closely .associated group of range_s; indeed, recent mining has 
shown that the BlackJack and Penitentiary ranges are connected, and 
this involves in the union· some, if not all, the collateral ranges. The 
relation of the Penitentiary to the collateral Nicholson range on the 
northeast and the Smith on t.he southwest, as shown in the lower or 
main working fiat, is very interesting. The Penitentiary range lies 

)fiG. 38. 

--------._,;,_-~-
~~ PROFILE SEOTION OF S.liUTII, PENITENTIARY AND NIOIIOLSON RANGES, MIFFLIN, SnOWING SAG 

OF BEDS AND PEOULIAU RELATION OF OnE DEPOSITS. 

in a depression between the two side ranges, so that they are drainer! 
by its level. The sag of the strata and the singular disposition of the 
?re is illu.strated i~1 the a~coiD;pany,ing section across the three ranges. 
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This relationship ·is made tpe- ba~is of the claim that the Penitentiary 
is the "mother range.'' The stratum here represented is tlre Pipe 
clay. In the Penitentiary range, when visited, the ore was seEm to lie 
mainly, in its usual form, as a flat sheet, near the top pf the stratum, 
but in the Smith range, it assumed pronounced peculiarities of an ex­
ceedingly intet·esting and instructive kind. It is to be remarked, in 
preface, that the stratum involved consists, in its upper portion, of a 
banded and laminated, soft, clayey, calcareous rock, and in its lower, 
of a minutely granular and slightly porous, but not close and compact 
clay, and that the range is-terminated on the northeast, adjacent to the 
Penitentiary range, by a vertical.fissure. Starting from near this 
fissure, in the· upper part of the stratum, there extends a belt of im­
pregnated rock, aptly styled ''speckle jack," across the range, curving 
down\vards _and widening in the middle so as to present a hammock­
like outline in cross-section. Upon close inspection the soft, gray rock 
will be found to be thickly inset with scattered crystals of black 

FIG. 39. blende~ giving to the fmc-
tured rock a beautiful· 
speckled appearance. 
Looking still closer it will 
be seen that the lamime 
of the rock curve at·ound 
the particles of blende, 
s}wwing that they were 
displaced by the growth 
of the blende crystals. 
See Fig. 39. We have in 

SECTION OF A PORTION OF "SPECKLE JAOK," SHOWING 
THE MANNER IN WuJCH CRYSTALS OF BLENDE ARE l:M· thiS and the lleXt instanCe 
BEDDED IN TIIF.: HOOK AND THE CURVATUR& OF THE LA:M· 

xN& ABouT TnE:M. just as clear cases of the 

forming mineral making room for itself by its own accretionary force, 
as in some preceding cases, it is evident that the receptacle was first 
formed and the ore subsequently implanted. 

A little below this bed of disseminated ore is another of very anal­
ogous origin. , The matrix, instead of being a yielding laminated 
rock, is a bed of clay. In this, with gt·eater freedom of accretion, 
there formed larger aggregations of ore in the form of burr-like 
nodules, from a half inch to an inch in diameter, that are called, with 
the habitual expressiveness of miners' phrases, "str\nvberry Jack." 
These metalliferous berries are completely imbedded in the clay and 
show n~ points of attachment, but present small modified crystalline 
poi.nts and facets on all sides, demonstrating that they grew in a yield­
ing. matrix. The berries are not, .however, always simply blende, 
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but very frequently galena and blende together unite to form a nodule, 
the two interlocking and modifying each other; as they g1·ew, leaving 
no doubt of their simultaneous fo1·mation. Pyrite is occasionally 
associated in a similar way. The clay bed is too soft to cohere in 
lumps and is hoisted as a shapeless mass, from which the ore is 
washed with ease. "Stra\\'berl'y Jack" occasionally occurs in scat-

.· tered specim~ns elsewhere, but it is only in this gang of ranges that 
it is known in such notable quantity. "Speckle Jack" is of more 
frequent occurrence, but it also finds its maximum development here. 

The direction of drainage here is shown by the fact that these beds 
are most decomposed on the flanks near the limiting fissures where 
much iron oxide and other .products of decomposition issue and accu­
mulate on the sides and floor of the excavation. 

In the Penitentiary range, the blende of this horizon takes·mainly 
the more common massive form, filling a :fiat seam or fracture. Above 

Fro. 40. · 

GENERAL SECTION OJ!'. THE PENITENTIARY RANGE, MtFFLtN, SnOWING TllE RELATIYE UNll\1- . 

PORTANOE OJ!' THE PITOllES AS CoMPARED WITH THE FLATS. 

this lower :fiat there is the usual series of flats and pitches, that char­
acterize this class of mines. The pitches are \rery short and unim­
portant, compared with the flats, and if much further rednced or less 
filled with ore, would not be mined at all, and to casual observation 
the deposit wonld seem to consist simply of superpo~ed flats; ~nd it is 
probabfe that some mines, recognized simply as horizontal deposits, 
really occupy a fracture system of the same order as the typical flats 
and pitches. 

In the upper flats, as usual, much galena was found but it is almost 
entirely replaced by zinc ore below. 

Another of the more remarkable mines· of the lead region is Mills' 
Lode, near Hazel Green. The location, associated topography and 
SU!>erficial aspect are shown on Atlas Plate xxx~x. In respect to 
the lattet· point, it is just to remark that it is. impracticable to ade­
quately represent such a deposit by surface mapping. Indeed, it is 
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l)o"ne too e~sy to create a· true· niental ·conception, by the aid of sec­
~ions and.full descriptions. 

Along the centml line of the mining ground, there rrins ·a fissure· 
descending from the surface tluough the ~ap rockof the mine proper. 
This fissure has an average width of only about two inches and carries 
a little :lead ore, with considerable iron rnst. On p~ssing through the 
cap rock, the fissure terminates in: the main upper flat of the mine, 
the ore sh:eet of . which is -sor;newhat thickest beneath it, so that 
~he crevice is said to act as a "feed·er ., to the flat sheet. The form 
of this summit flat is· not unlike that of a domestic flat. iron, the 
~:!ides gt·adnally .approaching each othei· and uniting in a point di· 
rected northward. · This sheet is said to have reached a maximum 
thickness of three and. one half feet of solid galena~ a bonanza of 
its kind. It dips moderately to the north discharging it's drainage in 
tJiat dirc~tion. On the east,. west and n01·th, i. e. on the sides and 
point, this :flat breaks down into pitches that decline about 45°­
that on the west being somewluit th~ ·steepes~ . 

. T~ese pitchi~1g sheets. sometime's consist of a single large vein, and 

FIG. 41. FIG. 42. . FIG. 43. 
- ~ ..=...-:-JC._ ¥=-t 
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l::iEcTroNs OF VEIN AT DIFFERENT PoiNTs IN ~fiLLs' LonE, HAzEL GREEN, SaowrNG VAmoue MoDES 

OF BRANCHING. 

at others divide into several . snuiller ones united by obliq ne cross­
veins or by parallel pitches and flats, forming a plexus of veins, as 
represented in the accompanying 'figure~ As a general rule the,:;e 

·minor veins confine themselves discreetly to about the width that 
would necessarily be ·mined· ·ont,. so that they are usually easily 
wrought as a gang. In .their descent the pitching sheets are inter­

FIG. 44. 
----=-d.!·.=_---::;: .... ,2'_···=~ -=----

TRANSVE:{SE SECT[Q:s' OF 1\ftLLS' LODE, HAZEL GREEN, SliOWING FLATS AND PITCRE~·· 
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rupted by frequent short :flats, giving the characteristic zigzag descent 
already sufficiently described. The accompanying sections illustrate 
its double transverse pitch and its northward longitudi.nal pitch. The 

·. o1·e is accustomed to make 
heaviest· on the ~'roll," 

i. e. on the turn from the 
flat. to the pitch, or the 
pitch to the flat. At the 
angles, where the sheet 
turns from the bedding 
joint ipto the transverse 
fracture, a li.ttle ore is apt 
to lead onwards along the 

LONGITUDINAL SECTION OF MILLS' LODE, SHOWING THl!l 
PITcmNo ANn FLATTING To TuE NonTnwAhn. bedding joint. Of times 

this connects with an obliq ne ·seam farther on and joins the main 
sheet below, but perhaps oftener, it wedges out within a foot or two. 

There is ft·eq nently a reentering projection opposite this. Some­
times they deve~op into considerable flats. This deposit,.as thus far 
mined, is \Vholly within the Galena limestone, and the product has 
been mainly galenite. In accordance with the general rule, however, 
zinc ore gains on the lead, as the mining is carried· down. The hori­
zons in which the main zinc depo:Jits elsewhere occur have not yet been 
reached, and the further progt·ess of mining here will be a matter of 
much interest~ if it shall determine whether the pit~hing sheets join 
a great flat stretching und.er the whole series, and predominantly zinc­
bearing, as is the case in the mines· above described and others of 
this type. 

Iron sulphide, or its decomJ)osition product, the oxide, lines the 
wall of the mine generally mid at some points forms a notable deposit. 
Next this, fu.t· the greater part, lies zinc sulphide ot· carbonate, and the 
lead ore rests upon this and constitutes the main filling of the fissnre 
in the nppe~ part of the mine. But this general order is subject to 
local modification. 

It will not be amiss in this connection, to describe some. of the salient 
features of the J.lfarsden lode, south of Galena/ since it ·is at present 
the most important mine of the lead region outside of Wisconsin; es- . 
pecially as definite data can be given in respect to certain features, 
which, though pres·ent in Wisconsin mines, are not commanded ~y. 
precise information~ · · 

1 On the generi:tl crevice map, Atlas Plate XXXI, this lode is marked "Illinois Zinc 
Company'' to avoid possible confusion with two other ,lodes, southwest of Galena, 

. mappell by Prof. W!1itney as'." Marsde~," in lllinois Geological Report. 

/ 
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GROUND PLAN OJI' MARSDEN MINE, GALENA. 

:Figure 46 is a rude sketch of the ground plan of the mine, reduced 
fr~m the measurements of an underground sur,ley, kindly furnished 

FIG. 47. 

LoNGlTUl>INAL SEcTioN oF MARSDEN MINE, SnoWING THE 
UNDULATIONS OF TUE SHEET. 

-by the officers of the Illinois Zinc Company. By comparing this with 
the longitudinal profile (figure 47) and the cross section (figure 48, 

FIG. 48. 

TRANSVERSE SECTION Oll' MARSDEN LODE, SHOWING FLATS AND 
PrrcuEs. · 

larger scale), some aid toward a· conception of this peculiar· deposit 
may be derived. From the surface, there descend two or more ver­
tical crevices, which trend north 45° west. These carry some lead 
ore in the usual forms of a crevice deposit. At one point a considers· 
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ble chimney was observed .. At depth~· varying ·from thirty to eighty 
feet below the surface, according to position on it8 slope, these crev­
ices encounter the two main upper fl::~.ts. Fro:n all sides of these, 
the sheet pitches down. On the sides parallel to the vertical crevices, 
the pitches descend below the limits of present mining and correspond 
to the similar declivities of the mines heretofore described. ,But 
along the axis of the lode, between the two main flats, the pitches 
descend about thirty-five feet and form a lower connecting flat, lying 
between the t\YO main ones, as seen in the longitudinal profile. At the· 
northwestern extremity the· sheet drops down into an undulating flat, 
while at the opposite extremity it pitches down to the bottom of the 
present mining. What may yet develop to the northwest remains 
to be seen. 

At the points where the main flat~ break down- which are identi­
cal with the insets in the _outline of the ground plan- the lode is 
traversed by east and we·E~t fissures to which the depression and con­
traction of the sheet has been assigned. It should not be understood, 
however, that there is any displacement of the strata. The main 
upper flats h~ve a width of apout seventy-five feet and a 1Mgth of 
about one hundred feet. The pitches are min8d to a vertical depth of 
sixty feet and arc sep~rated.at their bases f1•om seventy-five to two 
hundred feet, according as they belong to the wider or narrower parts 
of the mine. The character of the pitches is essentially similar to 
those descl'ibed above, save that the walls are sometimes more sepa­
rated, leaving a cavernous space between the ore sheets on either side, 
as illustrated by figure 49. Similar caves. ·on the flats occnr, attaining, 

in one case,.eighteen· feet in width, 
Eeventy-five feet in length, and from . 
eighteen to twenty-four inches in 
height. Next the walls there is usually· 
~ thin coating of iron sulphide (pyrite 
or marcasite} on which is laid a sheet 
of blende to which the cabes of gal­
enite are attached, the whole, nsnally, 
overspread beantifnlly with pyrite, 

SEcTION oF <iAvEn~lous orENrNo oN Tl!E· to which is sometimes attached cal-
rrToll OF MARSDEN MIN1'l. Order of dl!pOSlt, . 
(1) pyrite, (:l) blende, (3) galena. cite crystals sometimes aO'ain over. 

' 0 

laid with. pyrite, the whole subject to interesting variations oi form 
and succession. ' 

It is fro.m such geodic caves, particularly those occurring on the 
flats, that the· beautiful specimens, for which this mine is renowned, 
are derived. 
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Both stalactites and staJagmites or' the ores are found in tl1ern, not 
only those of a single mineral, as pyrite or calcite, bnt composite ac­
cretions. One form consists of an irregular reticulated core of galena, 
surrounded by from one t~ three inches of blende, in radiant crystal-· 
lization,. coated on the exterior with pyrite, sparsely studded with 
small modified crystals of galena. In other cases the core contains· 
calcite as well as galena. 

'rhese stalactites sometimes attain a diameter of six inches, and a 
length as· grea~ .as the height of the ca~ern will permit, in fact, they 
sometimes form columns stretching entirely across the opening." 
Stalagmites, bearing galenite on thei1· Bummits, are said to have· 
occurred here. 

On the west pitch, for a horizontal distance of about seventy-five 
feet, iron pyrites in thick· botl'yoidal' aggt·egations has almost entirely 
replaced the more valuable ores. 

The beds of the conntry rock are nearly horizontal. When there is 
any dip, it is usually toward the ceri~er line of the range. At one 

. point on the upper flat the beds dip slightly to the east. Near the 
upper flats the rock is quite brecciated and the ot•es ar.e distributed' 
through the cracks and small cavities. Some features of the frag­
mentary stn1eture seem due to original deposition, while others 
are clearly referable· to f1·actnre subsequent to solidification. This 
may be held as proven by the fact that .nodules of chert are fractured 
and the ct·evices tilled with sulphides. ·The evidences of crushing and· 
fission are most marked near where· the pitches join the upper flats 
and near the vertical crevices. A shaly layer-occurs about twelve feet· 
beneath the upper flat, which is quite extensively impregnat.~d with 
mir.ute metallic crystallizations. · 

As evidence of recent changes, stalactites of calcite and limonite, an 
inch or more in length, were seen, which have formed since the space 
in which they occur was mined out The waters of the mine· are 
highly mineralized and make abundant red oxide deposits. 

One-sided Pitc!tes. In the foregoing mines the sheets pitch down 
on both margins, forming what has been called a "saddle" deposit. 
But occasionally only one pitch is discovered. The other may exist, 
as a fisstue, bnt being close and unfilled wit}:l ore is not exploited. 

Parallel PitcAes. Orow Branch ·mine, according to the figure of 
Professor '\Vliitrieyl and the testimony of othet·s, presents an hi terest­

.. ing variation of the system @t pitches, i.n that both descend parallel 
to each other, instead of diverging in the customary manner, i. e., the 

1 Geol. of Wis., 1862, p. 362. 
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sheet on one sidl:l instead of sloping downwards and outwards from the 
fla.t, pitcbes ·under it and so keeps parallel to that on the opposite 
side. This mine was not accessible to satisfactory examination at the 
time of my visit. 

The data for the following diagram are kindly furnished by W. T. 
IIeury, Esq.: 

FIG. 50. 

Siile Cre,uices every 6' to to' 
. 70' 

~-BBBBB~B~7' Gal[-JH£ lJ ar :B len.rle .Blende 
7" · Blende 30' 32' JJn.''J.it;e 

lJlue Cla_1j openwg 5t~eiJ.lllil.=~=::::!I27lll!l/2E1Jlll/b.'1lll1l!.7'JiiJff2a7iiuJl. 

DIAGRAM OF CROW BRANCH MINE, a, Galena and blende opening. b, Blende opening. c, Blcncle 
. and barite opening. 

Patch deposits consist of ore distributed through the earth above 
the solid rock. Originally they undoubtedly were formed within the 
rock in the nsnal manner, but by its decomposition they have been 
left at the surface imbedded in the residual clay. They are mainly 
significant in indicating the large amount of denudation which has 
taken place since they- not necessarily all the ores of the region -
were formed. 

General Observations.. It is a somewhat significant fact that no­
where in the lead region, dnring the time of my investigations, has 
mining on vertic~'.l sheets been in progress. In earlier days they were 
worked . with· profit, especially where clustered, as they sometimes 
were, so that two or three could be ·mined ·together. But, partly 
owing to their thinness and want of horizontal continuity, and partly 
because they have been worked down to the water level, beyond which 
it is not profitable to follow them, very little mining has been done 
on this class of deposits for years. The fact that they cannot be 
wrought profitably below water is less suggestive than the fact that 
they have not been followed up horizontally above water, beyond a 
limited extent, which indicates a want of persistence and strength in 
the vein as such.· 

As this is the only form of deposit in this region that approaches 
deep-seated fissure veins in its form, this fact should be duly weighed. 

It. is ftuther to he observed in this connection that the vertical 
sheets; for the greater part, occupy the north and south crevices, the 
feebler of the two sets. However, a .considerable number, notably 
those of Hazel Green, belong to the east and west, or to the oblique 

class. 
It is an equally significant fact that t~1e ~argest mines now wronght 

belong, with some important exceptions, to ~he type of flats and 
VoL. IV.-31 
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pitches, and, if thetestirilony of the history of mining be taken with­
pnt qualification, this would seem to have proven the master type. 
Something of the force of this evidence is lost, however, when it is 
considered that these are mainly zinc-producing mines, and for that 
~·ea~on were little wrought in the earlier: years, when zinc ores were 
unmarketable. But notwithstanding this statement, it still remains 
a~ incontestable fact that this class ranks among the dominant types. 
The _only form that can, perhaps, dispute its supremacy is the cre,Tice. 
opening, of which the Muscalunge mines are, at present, the leading_ 
examples. if the entire amount of ore raised, since mining was com­
lnenced, COl~ld be accurately referred to the several classes of deposits 
:-a quite impossible thing- I judge it would appear that much more 
~ead ore has been mined from crevice openings than from any other 
form of deposit, and that more zinc ore has been derived from flats 
and pitches, and that combining the two ores, the largest aggregate 
.has bee_n raised from crevice openings. But in abatement of this 
judgment, it is to be remarked that some of the richest so-called 
crevice openings are really intermediate forms between the true crev­
ice opening and the flat and pitching type of deposit, and further, that 
there are reasons for thinking that some of the cr~vices connect below 
with flats and pitches, as some ot .the latter may· be supposed to have 
origi~ally connec_ted with crevice opening deposits above, whieh have 
~een lost by surface denudatio~. So that the two classes often really 
form one connected complex system, as illustrated by Fig. 9, and do 
not admit of intercomparison. 

That which is most important to be observed here is, that the master 
types_ are not of the sheet pattern, with its something of likeness to 
true fissure veins, but are forms notably differing from them and pos­
sessed of peculiarities manifestly dependent on the special conditions 
under which they were formed. 
B~t it is not sufficient, on the other hand, to dismiss the whole group 

as gash veins, since, albeit many are truly of this type, some, as the 
fiat and pitching forms, are neither defined nor explained by the term 
even by remote implication. 

VII. How WERE THE CREVICES AND OrHER CAviTIES FORMED? 

It has been heretofore shown that a considerable number of the ore 
districts occupy slight depressions in the strata, and the general tenor 
of such ~vidence as can be gathered with reference to the remainder 
indicates a like fact. in regard to them. It has also been pointed out 
that none of the "centers of elevation" or noticeable swells of the 

/ 
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strata are occupied by mines; It is, therefore, a ·fair inference ·that 
the ore deposits as a ruie occupy 'stratigraphical depressions. This 
may not be an absolutely universal rule. There may, furthermore, 
be apparent exceptions which arc not really so, since subordinate un­
dnlatiohs sometimes form the bed of a general depression, and mines 
might be supposed sometimes. to occupy a minor swell in a mo1·e gen­
eral sag. This is rendered vrobable in a few instances, though the 
evidence is of a feebleand urJCertain character. 

But proceeding upon the well sustained general conclusion that the 
ore districts lie in stra.tigmphical basins, and that these, as heretofore 
indicated, existed as such at the .time the rock sediment was deposited, 
it remains to be considered what effects the rock beds of such basins 
would suffer from the forces which are known to have been brought 
to bear upon the strata. 

It is a well ascertait:wd fact of geological history that tl~e strata of 
the region have not only been once elmTated from their original sub­
mat·ine position, but that they have undergone repeated oscillations, of 
mode1·ate magnitude, in the course of the ages. While, in the ear·lier 
geological eras, the average position of the st1·ata was lower than at pres­
ent, there is evidence, reaching well nigh to demonstration, that in the 
later age$ the stmta were elevated to somewhat greater altitudes than 
they occn py at ·present, and. that, thm·efore, their. present position is, 
in a cm·tain sense, one of relaxation from former g1·eater elevation. Let 
it be clearly understood,-that these are yerygeneraland,comparatively 
speaking, moderate movements of the earth's ernst, that they are not 
violent or extraordinary manifestations . of. mechanical action. 
Nevertheless, they were movements which caused a moderate amount 
of flexure, compression and fracturing of the strata. Now we are at 
no loss to detet·mine the character, or direction of action, of these 
elevatory forces. Attention has already been called to the fact that, 
extending north and south throngh the center of the state, there is a 
broad low stratigraphical arch, and that, extending east and west, 
there are more nnmerous and¢ abrnpt ·undnlations of the strata. 
Those of the latter which belong to the A.rchrean rocks cons.titnte 
folds of the most prononnced character, and are indicative of mechanical 
action of the most unequivocal nature. Tlui.t these folds were pro­
duced by pressure, acting upon the strata horizontally from the south­
ward, antagonized by corresponding action from the northward, will 
hardly be questioned by geologists fully· conversant ·with the facts. 
The east and west foldd that were formed in la~er geological ages con-

. form in general direction to these earlier ones and there is no room 
for rational don bt, as has already been shown, that they were likewise 
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produced by fateral force~ acting according to the general law of ele­
vation, from the Interior Sea lying to the southward, resisfed by the 
ancient nucleus on the north. So true and beautiful is the applica­
tion of this general law, th::tt in the· earlier geological ~ges, the folds 
have a northeasterly-southwesterly dfrection, in the main, facing the 
deeper part of the Interior Sea, lying to the southeast. and the parallel 
lines of folding of the Appalachian re,g;ion which were in those 
ages receiving the forcible impress of horizontal thrusts from the 
Atlantic; while in the later ages, after thi'J eastern portion of the In­
terior Sea had become essentially filled with rock and settled into 
stable repose, the foldings of the npper Mississippi region shifted to a 
northwesterly-southeasterly course, so as to face more nearly the 
western portion of the Interior Sea and the Cordilleran ranges, which 
were then the great theaters of dynamical action. That which especially 
concerns us here, however, is the fact that the strata of the. lead 
region were acted upon by a hot·izontal force having a general south­
erly direction. It is evident, that, if the strata were absolutely plane, 
they would oppose a great resistance to this force and would simply 
be compressed by it, until, at some weakest point, they gave way. 
But the strata, being undulatory from the nature of their original de­
position, would more readily yield to such horizontal force. Where 
they were naturally arched upward they would, under the action of 
the lateral thrust, arch still more highly, and would ·be most fractured 
upon the swell of the arch. Where they were ~ent down ward, as in 
the case of th.e ore-bearing basins, the horizontal fot·ce would cause 
them to bend more deeply, and these would likewise be most fractured 
along the bed of the depression. In each case the fractures would 
g2.p~ mainly on the outer curve of the strata, i. e. on the upper side 
of the arch, and the under side of the sag. 

When a movement took place in the opposite direction the strata 
would settle back toward their original position. The result would be, 
the closure of the fractures upon the outward curve of the arches, and 
the opening of the fissures in the de-pressions. 

FIG. 51. 

DIAGU~MATIC SECTION OF THE GALENA AND ADJACENT Bl!:DS, ILI,USTRATING ORTGINAL UNDULA· 
'"'IO:SS RESHLT!NG FROM DEPOSITION. a, base of soft yielding Hudson Rivet• Shales; b, Galena lime­
stone, , i.gid; c, Blne limestone somewhat shaly and yielding; d, Buff limestone, somewhat rigid; 
e, St. Peters' sandstone, incoherent. 
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FIG. 52. 

DIAGRAliiATIC SECTION Oil' TilE A ROVE FORMATIONS SOMEWHAT FLEXED UNDER TnE INFLUENCE 011' 
LATEHAL I'IU;:;sutn;: TUE SO~'T AND lNCOHEREN r BEDS YlliLDING WHILE THE RIGID STRATUM IS MUCH 
FRAOTUUED; Tll:& FISSUltES JllVEUOING 0)'1 TllE CUNVJl:X Sll}B, 

Let us examine more critically the necessary character of the frac­
turing of the strata of the depressions. Let figure 51 represent the 
origina( position of the strata, while figure 52 represents the podtion 
which they assume under the action of the horizontal thrust. 

It is quite evident that the effects produced by this bending will be 
dependent upon the character of the rock. If it be like the I-Iudson 
River shales, that overlie the Galena and Trenton limestones, of a 
soft, pliable nature, it will be merely compressed and molded to the 
new form required. Little or no evidence of fracture will be apparent 
except in the more rigid portions of the formation. Quite in con­
trast with this, the granular rigid character of the Galena dolomit~ 
would cause it to fracture extensively. But all parts of the Galena 
limestone would not be affected equally, nor i~1deed alike, because of 
their differences in texture. The more homogeneous, even-textured, 
portions would doubtless simply sufi'er compression and regular trans­
verse fracture. Those portions that were originally of an irregular 

FrG. 53. 

D IAGRAlllATIC SECTION OF TilE ABOVE FORMATIONS AFTER THE LATERAL PRESSURE BADSOME WHAT 
BELAXEU .A.NU Tllc; BEDS SUBSlDEU, iLLUSTRATiNG IMPERFECTLY TilE OPENING OF THE FISSURES. 

texture, honey-combed w·ith pulverulent or cavernous spaces, or com­
posed of imperfectly cemented fragments, would be more or less 
crushed, or be irregularly riven at the points of greatest strain. The 
highly siliceous layers, with their rigidity, would offer great resistance, 
and by the yielding of adjacent less firm rocks, be caused to t:~uffer a 
large portion of strain, and thus be· liable to crushing or to displace­
ment by arching npward or downward, causing a separation from the 
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adjacent beds of the nature of flat openings. And the same pheno­
mena might occur in the case of ~ny bed that, for any reason, was 
more resistant than its neighbors. 

Below the Galena limestone the shales of the upper Blue limestone, 
especially those of the "pipe clay opening," being, like the I-Iudson 
River shales above, a yielding stratum, w<;mld adjust itself to the 
strain and suffer comparatively little fracture. This stratum, there­
fore, bounds on the under side as the Hudson River shales do on the 
upper, the limits of the rigid stmtum of rock liable to pronounced 
fracture. Now it is a well known principle that, in the bending of a 
body, the cracks tend to di,·erge to\vat·ds the convex side, because that 
portiori · is most stretched. So we find toward the bottom of the 
Galena limestone the crevices diverging in the peculiar form known 
as "flats and pitches." 

It is qnite. evident that the zigzag direction assn111ed is simply an 
example of fracture along the line of least resistance. The tendenc,r 
to break obliquely across the stt·ata was in part satisfied by the easy 
separation of the beds, leaving the rest to· be accomplished by break­
age more directly across the be4s which would require the expendi­
ture of less force than simple oblique fracti1re. The frequency with 
which these flats and pitches occur does not leave us at liberty to pass, 
them as merely anomalous, exceptional phenomena. They must be 
diw to some prevalent circumstance connected with the formation of 
the metalliferous crevices in general. That they were formed as here 
indicated by the necessary fracturing of the bent strata on the outer 
side, is, I think, placed essentially beyond question by a consideration 
of the significant circumstances, (1) that they lie in stratigraphical 
depressions, (2) that both their upper and lower flats habitually sag, 
(3) that they lie almost wholly in the basal beds of the stratum bent, 

and (4) at the base of a liile of general fracture, which, in its higher 
parts, develops the openings common to the upper horizons. 

The rigid stratum being limited below by the "upper pipe clay," 
fracturing below that wonld proceed in the main independently of 
that aboYe, and would tend to assume the simply vertical order·, which 
is the prevalent fact.. The Buff limestone is not sufficiently thick nor 
rigid, interstratified as it is by shaly layers, to permit of the develop­
ment of any pronounced system of fissuring, and hence the compara­
tive absence of large crevices or openings, or rich deposit&. 

The St. Peters sandstone below, being little more than a half solidi­
fied bed of sand, would yield somewhat readily to a compressing fo~ce, 
and hence large, or opep, or regular fissures could not be expected in 
it. It might become sornewhat fractured, or indurated, at the points 
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of greatest pressure, and, as a matter· of fact, at' Mineral Point, where· 
it occu-pies a depression, and at "Red Rock," where it is bent into a 
conspicuous arch, it is noticeably harder and firmer than is its wont 
in ordinary situations. It is usually an exceptionally friable rock, 
scarcely suffering handling without crumbling to sand. But at these 
localities, and some others similarly situated, it is sufficiently hard to 
be a very serviceaole and durable building stone. This may fairly·be 
attributed to the stress the strata have suffered at those points. 

The Lower Magnesian limestone below is even more rigid and un­
equal in texture and thickness, and apparently more pronounced in 
undulation, than the Galena limestone above. It was presumably, 
therefore, at least as exteusi vely fissured as the Galena limestone. Its 
more siliceous nature has doubtless rendered subsequent chemical 
action less_ marked, so that, in its present state, it may be less cavern­
ous than the highet· formation, but concerning its real nature beneath 
the metalliferous basins, we, of course, know very little, but to the. 
north of the lead region, where it is more fully exposed, it gives indi­
cations of having undergone similar action with similar results. 

Concerning the Potsdam sandstone, that which has been said of the 
St. Peters may be repeated. Lines of indurated, fractured rock are 
reported as occtut·ing along certain metalliferous belts. · As. these lie 
almost wholly without the lead region they have not fallen beneath 
n1y personal observation, save in a single noteworthy instance. The 
iron mine at Ironton, Sauk Co., the most notable iron deposit in the 
southwestern portion of the state, lies in a belt of Potsdam sandstone 
which has been so far hardened that it has lost, for the most par·t, itt) 
regular cleavage along the lines of lamination, and assumed an irreg­
ular fracture. The outlying blocks of this belt, instead of assuming 
the rectangular forms common to the formation at large, usually pre­
sent pyramidal shapes which have resisted the erosions of time with 
great success, while the adjacent rock has ·been mnch eaten and worn. 
This indurated belt is furthermore characterized. by a line of fine 
springs, indicating that it furnishes an open passage- way for drainage 
waters. The ore of the mine is an infiltration, OGcupying the inter­
spaces between large angnla~ blocks of this indurated sandstone. The 
whole presents stt·ong evidence of being a line of compression and 
fn1.cture beneath a metalliferous belt which has subsequently concen­
tt·ated its ore within the fra.ctured zone. On Hagerman's Hill, near 
La Valle, similar ore is associa_ted with indurated and brecciated rock, 
which is also impregnatea with some copper ore. 

N umerons circumstances of detail confinn these general views as to 
the method of formation· of the crevices. It is evident that, since the 
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horizontal· pressure, which caused the alternate elevations and depres­
sion:>, acted from a general southerly direction, the flexures produced 
by it would be at right angles, or east-westerly, and that therefore the 
main crevices and openings would trend in that direction, and this 
would be true, in considerable measure, without regard to the form of 
the basin. Bnt it is also clear that. local variations in the character of 
the strata, yielding at one point and resisting at another, and, in some 
measure, the attitude presented to the force tended to give variations 
from an exact east and west conrse. The north and south crevices, on 
the other hand, were not in general opened; because there was no 
great force brought to bear upon the strata either from the east or 
west. The beds were therefore merely fractnred in those directions 
and did not, in the main, open more than was perhaps due to the 
shrinkage ·of the rocks. In exceptional cases, force may have been 
exerted in snch a way as to cause more considerable· north and south 
openings, but the prevalence of open east and west crevices and of 
closed· north and south ones is, in fact, not only accordant but con­
firmatory of the explanation here offered. Another general circum­
stance deserves notice. It is a conspicuous fact, in many mining 
districts, that the openings occupy the same horizon throughout the 
entire area, a fine illustration of which is to be found in the "sixty­
five foot opening," and less noticeably in the" twelve foot opening" 
of the l\1nscalunge and Beetown districts, as may be seen .by consult­
ing the map of the Mnscalunge mines, Atlas Plate XL. That the ore 
should be deposited throughout a district at a given horizon might 
peduips be otherwise explained, but that the stra~a should furnish a 
suitable receptacle for the ore at a given horizon and not above or 
below, is clearly indicative of some general physical cause. The pre­
cise cause in each individual instance may not be at onc9 evident, but,. 

jn general, it may be found in the character of the beds involved and 
their relation to each other, viewed in the light of the conditions 

. already considered. 

vIII. RELATIONS OF THE ORES TO E.AOH OTHER. 

In the preceding descl'iptions references have been made to the rela­
tions of the ores to each other, and facts have been incidentally stated, 
which have prepare~ the way for this topic. It remains to speCially 
consider the subject. 

A. RELATIVE V ERTIC.A.L DISTRIBUTION. It is a law to which no note­
worthy exceptions have yet been authentically reported, that lead pre­
dominates in the upper beds, but relatively d.ecreases in the lower, 

.l 
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while the zinc ores are very scant in the upper horizons, but relatively 
increase and often predominate below. It is not only true that-mines 
confined to the upper beds of the Galena limeRtone bear. mainly lead 
ore, while those lying wholly in the Blue limestone are chiefly zinc· 
bearing, but, more· especially, that a given lode which ranges through 
both. horizons carries lead. in its upper part, which is gradually re­
placed by zinc in its descent.. This is accomplished almost invariably 
by overlapping sheets, or intermingled deposits, so that there is no 
sudden or sharp transition. 

The dividing plane at which the dominance of lead yields to that of 
zinc may be loosely stated to be the upper face of the Trenton limestone, 
but such a statement is rather a convenient generality than· a reliable 
basis for either practical or theoretical deductions, for a considerable 
number of mines yield almost exclusively zinc in the lower meas­
ures of' the Galena limestone, while in others, the predominance of lead 
js continued into the Trenton limestone. While, therefore, the 
dividing plane· between the Galena and Trenton limestones lies near the 
transition of predominance between the ores, it does not mark it in any 
sharp, definite way, as though the transition was immediately depend. 
ent on the change of the adjacent rock, and we ought not hastily to 
.conclude that the nature of the. embracing stratum determines the 
character of the deposit. 

The question of the relative amounts of these ores in the same lode 
is one of much practical, as well as theoretical interest, for if it could 
be determined that there is any approximation to a definite r~tio be­
tween them, then, ·knowing the amount of lead that has been taken 
from the npper portion of lodes, not mined in depth, some estimate 
of the probable profitableness of pursuing mining below the water 
level might be made. It is hardly to be expected, however, that any 
trustworthy guide of this kind can be determined. It is quite certain 
that present data are altogether inadequate. Yet, however improbable 
an,y very uniform ratio may be, the question is one of importance. 
The best record bearing on the subject is that of the important Lin­
den mine, that has given a yield of about 85,000,000 pounds, ::t,lmost 
~qually divided between lead and zinc ores. It is to be regretted that 
many such records cannot be adduced af) data. But in their absence, 
some general statistics are not without su-ggestiveness, since. in 
almost llO mine is zinc found without. lead, although the converse 
is less true. The total production of lead ore is estimated at about 
1,416,000,000 pounds and that of zinc at about 400,000,000 pounds. 
Less than one-third of the ranges have been mined down to the zinc 
horizon. 

When allowance is made for this and for the undoubted fact, that 
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more. of zinc than I~md. remains uml.1ined, in those th~t.have yielded 
both (confining attention, of course, to the Galena and Trenton lime­
stones), it·wonld appear that the ranges that have been developed in 
both horizons have proved nearly equally rich .in the two ores. 

Zinc ore first came into market in 1S60. Waiving imperfections in 
the statistics, it appears that since that time the lead ore raised in tho 
w:hole region amounts to about 320,000,000 pounds against 400,000,-
000 pounds of zinc ore. For the last ten years, the production of 
zinc ore has more than doubled that of lead .for the whole region and, 
in more recent years, has more than trebled it. Confining attention 
to the region tributary to Mineral Point, and coiiating the statistics 
as well as may be since 1860~ when zinc came to have value, it appears 
that. about 70,000,000 pounds. of lead ore have found shipment at that 
point against 280,000,000 pounds of. zinc ore, a ratio of 1 to 4. It is 
impossible to obtain anything like an equally approximate estimate of 
the lead ore produced previous to 1860, but it seems quite clear that 
it would not be sufficient to render the total yield of lead equal to 
that of zinc . 
. Without overlooking the qualifications to which such general and 

imperfect computations are subject, the broad conclusion that from 
the mines which have been worked in both 1ead and zinc horizons, as 
much of zinc ore as of lead has been raised; is probably not wide 
from the truth. Among the qualifications to be observed is the fact 
that in many zinc- bearing mines a considerable portion of the plum­
biferons beds has been removed by denudation. This is in some 
measure offset by the fact that in many of these tho lowet· zinc de­
posits largely remain yet unmined, while the lead, being in large part 
above water, has been, more largely, mined. A doubt may also arise 
whether, granting the primal source of the ores to be eq nal1y abund-. 

ant, the conditions of concentration have been as favorable beneath 
the fuller thickness pf Galena limestone, that preYails in those regions 
that have thus far been only lead-yielding, as in the more superficial 

·situations, whence zinc has thus far been mainly derived. This.doubt, 
of course, depends upon the agencies that are held to have caused the 
deposition, and may be .waived till that central topic is discussed. 

Some service will have been rendered by t.he introduction of the 
question of the relative amounts of lead and zinc in lodes bearing 
poth,if it shall in auy measure lead miners to accumulate the proper 
data for its solution, which they, alone, are well prepared to do . 

. The vertical distribzttion qf the iron is very similar to that of the 
zinc, except .that it is more widely present. The highest lead deposits 
are. rarely free from pyrite, or its ocherous decomposition ·product, 
but it "is much more abundant in the lower Galena and the Trenton 
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beds, and at some points zinc yiel<ls to it in depth, as lead does to 
zinc. There are not sufficient data, however; for the assertion of this 
as a law. Oopper also selects the lower horizons and, so far as its 
limited development permits of judgment, tends to the same range as 
zinc. Its comparative frequency in the Lower Magnesian limestone, 
north of the lead region proper, where iron also abounds, but zinc. 
has not yet been fou!ld, may be regarded as lending support. to the 
view that its distribution accords more closely with iron than zinc, 
though it may be quite u.nsafe to draw conclusions from another 
region and a different formation, however similar, especially as lead 
ore occurs, at some points in this formation, quite free from a~soci­

ates and in form very similar to that of the upper Galena limestone. 
Oalcite is peculiarly frequent in the brown rock, but otherwise 

mainly abounds in the lower beds. 
· Ba·rite occurs only in the lower beds, so far as my observations ex­
tend, and seems usually to have replaced calcite. 

B. RELATIVE ORDER oF DKPOSITION. In the upper beds of the 
Galena limestone there is often, to casual observation, but a single 
ore, galenite, and apparently no opportunity to raise the question of 
relative order, but closer examination will usually show a coat of- iron 
oxide- the decomposition product of iron pyrites- between the 
Galena and the rock, and by examining the undecomposed bars of the 
lode, th~ pyrite and galenite may sometimes be seen in their unmod­
ified relations, pyrite firs.t and galenite upon it. A later deposit of. 
pyrite sometimes coats the lead ore, making the order (1) pyrite, (2) 
galenite, (3) pyrite. Probably marcasite sometimes replaces the 
pyrite in such sitnations, as it certainly does in lower beds. Some­
times the galenite is directly adherent .to the wall rock and the pyrite· 
is attached to adjacent surfaces, in which ·case there are no means of· 
judging which was antecedent, if, indeed, they were not of simulta­
neous formation, as is not improbable. Doubtless there may be true· 
cal::les in which only lead·ore was deposited, but I have seen none. 

FIG. 54. Descending to lower horizons, blende 
appears as a third mineral, and, in the 
large sheet deposits, usually takes the 
middle place, so that the order stands (1) 
pyrite (or marcasite), (2) blende, (3) ga­
lena. Dr. Percival states that he found 
this order. invariable. While extended 
observation shows that it is not absolutely 
unh·ersal, it yet correctly expresses the 

SECTioN sHoWING THE ·usuAL on- prevalent law for massive sheets. At 
~.Ebi~:d~~P~~~~le~~.rock; b, pyrite; some points, the iron sulphide may be ab-
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sent and the blende attached dit~ectly to the rock, or th~ blende may be 
locally absent, bringing the galena onto the pyrite as before, or the. 
order may otherwise be seemingly changed by the absence of one or 
two of the ores. But the main· complexity a1·ises from reduplication. 
It is not uncommon to find a second deposit of pyrite overlying the 
blende and galena, beginning, as it were, a second series, which is 
sometimes feebly carried out by small crystals of blende or galena 
implanted on it. Occasionally layers. of pyrite occur in the midst of 
the sheet ·of blende, and pyrite, blende and galena are often much 
mingled, their crystalline forms i:nodified by interlocking, clearly indi­
cating a contemporaneous growth. Some interesting examples of 
these complications will presently be cited. 

Calcite enters most commonly as a fourth mineral, and usually 
takes the fourth place. It has, however, a carGless habit of appearing 
in almost any situation, sometimes next the rock, sometimes in the 
midst, or between, the ores. It is quite prone to altern~tte with pyrite 
in the secondary series. Ore is sometimes wholly imbedded in the spar· 

Chalcopyrite is not sufficiently distributed with othe~· ores to· make 
its relations altogether certain. At :Mineral Point, where it is now 
being mined, profitably it is ~laimed, it occurs mainly in small cracks 
and cavities permeating a brecciated dolomite, in which it lies next 
the rock with iron pyrites planted on it. From some specimens re­
cently mined in Spenslcy's lode, Mineral Point, and kindly sent me 
by Mr. Henry, it appears that the copper ore is either much mingled 
with or more recent than the b1ende and galena. 

The discussion thus far has had referenee to the original sulphides. 
Where these have undergone chemical transformation in place, their 
residuary products indicate the primal order, and no further consider­
ation is necesl:lary, save the obvious remark that. the ores resnlting 
from the change may have become such, much subsequently to the 
completion of the given set·ies, and that the order in which they 
stand is no index to t.he order in which they .arose from tlte change. 

But the decomposition and recomposition of the· original minerals 
gave rise to new deposits. These, as a whole, are mnch later than the 
primal series- as both their origin and position testify. Smithson~ 
ite and hydrozincite are the most common and important of these. 
They coat indiscriminately all the earlier minerals, and, in some cases, 
displace them by pseudomorphous processes. Cerussite occurs in 
crystals planted on galena. 

Barite appears to be a late deposit, replacing calcite, but I cannot 
prove that this is invariably the case. In not uncommon instances, it 
incloses galena, 'and if not, in such cases, a second~ry formation must 
have been essenti~lly contemporaneous with the inclosed mineral. 
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In support and elucidation of these ordinal laws of deposition, 
many facts have already been given in connection with the description 
of the special forms of deposit, and others will incidentally find a 
place in the conrse of the discussion. Some special examples, illus­
trative rather of complexity and contemporaneity, than of the preva­
lent, simple, orderly succession, merit attention. They are mainly 
specimen fragments from the linings of th~ cavernous openings in 
the lower horizons, and show the result of prolonged deposition under 
favorable conditions. 

The origi.nals are largely in the fine collection of W. T. Henry, 
Esq., of J\1:ineral ~oi~1t. The first four numbers are from the Mars­
den lode. · ·· 

1. Our first example shC?WS an argillaceous shale, as its base rock. 
To this is attached, without the usual seam of pyrite, a layer of blende, 
composed of alternating lighter and 1.-larker shades of radiant struct­
ure, tending toward mammillary forms. Through this are scattered 
some pyrite and galenite. Traced laterally, pyrite forms layers inter­
leaved with the blende wh~ch becomes less abnndant, suggesting that 
in an adjacent portion, the pydte may become the predominant ore, 
an instance of which I have seen in the Linden mine. The uppet· 
surface of the b1ende is formed of crysta11.ine points, and over most of 
these, lies calcite~ taking at its base the form of the blende crystals, 
and terminating above in crystalline forms of its own. At some 
points, however, pyrite rests directly upon the blende, conforming 

·to it below, but assuming a crystalline surface of its own above. 
Pyrite, likewise, extends over the calcite, conforming to it below, but 
forming its own proper surface above. At some points, however, the 
pyrite does not cover the calcit~, which has grown np through and 
spread out above and upon the pyrite, moulding itself to it beneath, 
showing that it was formed later than, at least, some of the pyrite; 
while it is directly connected with the main layer of calcite which is 
older than the main layer of pyrite. The succession of formation 
seems then to be as follows:· At first the principal deposit was blende 
with a little contemporaneous lead and iron sulphides. Calcite fol­
lowed as the main formation, though at some points, pyrite may have 
been forming at the same time, since it rests directly on the blende. 
This is uncertain, but, at least, before ~alcite ceased to be formed, pyr­
ite grew abundantly, so much so as to nearly shut off the growth of 
the calcite. The latter, however, continued to form at certain points, 
and at length overspread the adjacent pyrite. Whether the latter 
ceased forming, or was simply overrun by the faster forming spar is 
not clear. 

At some points the blende and shale are cracked and calcite ~Us the 
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seatiis, showing mechanical action, of a quiet sort, during tJw growth 
of the mineral gronp. 

On the opposite side of the shale of the specimen and apparently 
occupying a fissure between it at1d its fe1low rock are scattered crys­
tals of galena, pyrite, blende and calcite, arriong which may be found, 
(1) blende on galena, (2) pyrite· on galena, (3) pyrite on blende, (4) 
calcite· on pyrite, while the ca~cite layer of the opposite side laps 
round and covers some of these. It is evident, therefore, that while 
there was a succession in the predom.?:nant deposit, there was not a 
complete suspension of one formation while another was taking 
place, in other words, there was more or less synchronis.m of deposi­
tion. 

2. In this instance, the first deposit was marcasite in radiant 
mamn:liform ci·ystalline aggregatei, upon which lie concentric lightet· 

Fm. 55. and. darker layers of blende somewhat 
intermingled with crystals of galena 
and pyrite. The galenite crystals, 
beginriing low down in the blende, 
run in irregular strings outward to 
the surface of the ]ayers of blende, 
and there connect with large well-

. formed cubes that spread ont upon 
and overhang the surface of blende. 

SECTION OF SPECIMJ!!N FROM MARSDEN 
MINE, srrowrNG ORnER oF DEPosr'rwN.- The upper surface of the latter is com­
a. Rock. b, Marcnsite. ccc, Concentric 
layers ofblenr.e, dd, Inserkd Galena. eee, posed of crystalline points and where 

. Crystnll'l of Galena, conforming to hlende 
below. · ff, Enveloping Crust of Pyrite. the lead crystals en large n pon it, 
they conform to it beneath, in the main, showing that the lead was 
formed last at those point8, while it is evident that the included galena. 
was formed, at ]east, as early as the blende, and, ft·om its half regu­
lar, ha1f irregular interlocking forms, there is little room to doubt, 

that the two ores were formed simultaneously, the blende predotninat­
ing, at first, but mainly ceasing earlier than the galena, which then 
formed .in shapely cubes on the surface. Subsequently the whole was 
coated with pyrite, which is now oxidized on the surface. 

3. The wall rock in this in- Fig. 56. 

stance is a-granular dolomite 
bespangled with pyrite. To 
this is attached pyrite, cal­
cite and blende, interspersed 
in au irregular way some­
what as represented in figure 
56. A little distance from SECTION OF SP~CDIEN SHOWING ORDER OF DEPOSITIO~. 
the l'OCk the blende predOffi• ~:r~~;ite~' calclte; c, blende; d, .pyrite; e, galena; 1~ 
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inates, but is still mixed with calcite and pyrite, to which galena is 
added. The latter g1·adnally increases and soon becomes the leading 
ore, forming beautiful clusters of cubes. The surface of these cubes 
is incrusted with a thin layer of minutely crystalline pyrite. At 
most points this re~ts directly upon the galena, or blende; btit at a 
few points it is based upon pink calcite formed at an earlier date and 
possibly continuous with the earlier calcite above mentioned. On the 
surface of the pyrite are scattered crystals of transparent calcite of· 
later date than the pyrite. At one point a thin layer of pyrite lies. 
between the pink and the transparent calcite, showing its intermediate 
deposition. The superficial pyrite is lightly coated with zinc ca'rbon · 
ate over a portion of its surface. Before the formation of the snper-· 

Fw. 57• fic'ial pyrite, and after the cessation of the 
deposit of the blende the latter was fractured, 
and its fragments somewhat displaced, and sub­
scq nently pyrite coated the fractured edges and 
filled the cracks. The order of formation mny 
be shown in the diagram~ ng'nre 57. 

Another specimen. of ·identical struct.ure, 
DrAGnA:M JLT,USTRATING TIIE 

onowTn oF THE :MINERALs oF shows small, hemispherical aggregations ·of 
BPECilllEN 3. a, rock; b, calcite; 
c, blendc; d, pyrite; e, galena. marcasite under the C'Oat of pyrite, and, still 

another shows snch miniature domes of marcasite, wholly inclosed i~ 
the layer of blende. 

· 4. One of the most remarkable and instructive forms of these de­
posits is found in the composite ore-stalactites, for which the Marsden 
mine is celebrated. The specimen we select for study is six inchea in 
diameter and fifteen inches long, though its original length was greater. 
The outline in cross section is oval. Instead of FIG. 58. 

the usual ,cylindrical opening, extending along 
the axis, its core consists. of .a very irregular 
space, surrounded and interrupted curiously, by 
reticulated galenite. The interior surface of the 
latter, in part, presents a bright specular surface,. 
and for the rest, has a dull leaden, bnt still 
fresh, appearance. Around this core has 
gathered about two inches of blende in concen­
tric layers of radiant, fibrous structure. The 

whole is crusted with pyrite,: on the outside of Cnoss SEcTroN oF AN om~ 
which are clustered some small crystals of ga. STALACTITE rnoM MAnsoEN. 

. MINE, ONE-SIXTH NATURAL 
lena partially imbedded in it and these are SizE .. a, galena; ,b, blende; 

' . ' c, pyr1te. WhiLe lD center 115 
again bespangled with minute pyrite crystals. open space. 

The surface of these lit~le galenite crystals is dull leaden in luster, but 
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otherwise clean and fresh. Some ·of these ·penetrate the superficial. 
pyrite ernst and attach to the blende beneath. 

In other specime.ns there is calcite as well as galena in the core, and 
the lead· ore is sometimes more sprangled out into the blende. In one 
there is· a ferruginous layer next. the interior galena, probably the 
remnant of pyrites. In some cases the small exterior galenite crys­
tals conform at their base to the pyrite coat, showing their later form­
ation, w,hile their minutely studded surface of pyrite shows. a still 
later deposit of that mineral. . . · . 

5. At Linden mine the usual order, (1) pyrite, (2) blende, (3) ga­
lena, is predominant, but there is often much mingling of the oi·es, and 
calcite is frequently much distributed through them.' An interesting oc­
currence of the latter consists of large cream colored crystals of ,, dog 
tooth" s1iar, having a rough, much corroded surface, over which are · 
scattered white tabtilar crystals of calcite, having clean, smooth, perfect 
surfaces, showing a deposition of later calcite on earlier with a period 
of corrosion between. 

Another interesting specimen cotisista of white "nail-bead" spar, 
on the decomposed surface of white dog-tooth spar, which, in turn 
incloses a crystal of pink calcite, also of the dog- tooth form. 

6. A specimen from }farsden mine shows both fracture and corro­
sion, within the period of formation. The basal portion is blende, 
\\hich was fractured after its formation and on the brvken side there 
formed a creamy colored crystal of calCite. 

This has an eroded surfaee and, upon it, are white crystals of 
smooth fresh surface. There is also present lamelliform pyrite, 
which appears to have been simultaneous, in part, with the later calcite 
in formation and ·in part older, but wholly subsequent to the earli'er 

~~~ . 
1. The deposits of J\fineral Point have generally undergone much 

modification, but the original nature and order are usually determin­
able without uncertainty.. The general succession is in accord with 
the prevalent law, vdth considerable modification arising from simul­
taneous growth. As an illustrath·e instance, the specimen we select 
shows a base of mi'xed pyrite and blende against the rock. These 
grew up together to some extent, the blende however, soon leading. 
At a later stage, some galena and marcasite were deposited, and over 
all these calcite and pyrite. These seem to have completed the origi­
nal growth or fil'st period of formative history. The second period 
consisted of decomposition and redeposit. The chemical change was 
essentially that of desnlphnrization. The pyrite beca~e iron oxide, the 
blen:de, the carbonates of zinc, smithsonite and hydrozincite. The oxide 



CHAKGE3 WHICH THE ORES HAVE UNDERGONE. 497 , 

was left n1ain1y in the' former place of the pyrite, except that portion 
which was carried away hy solution. The zinc carbonate, on the 
other hand, left a residue of "dry-bone" in the room of the blende 
and, in addition, coated the whole adjacent surface, including galena, 
pyrite, m~rcasite and calcite. The latter largely gave way to replace­
ment, affording pseudomorphs of smithsonite after calcite. The 
galena suffe1·ed superficial change into lead carbonate, but has not 
usually been deeply affected. These changes lead us on to the &nbject 
of tiJ~ foll<;>wing section. . , , ·:- , .. , . 

: .' · . To tl~e g~1~eral laws of succession. we now need to add the fact of· 
local variation, and, more especially, that of simultaneous deposition. 
The fact of growth, side by side, is clearly demonstrated in the c:1se 
of interlocking mntnally-modified crystallizations, and is rendered 
highly probable in many other cases by relative position. The con­
ditions qf growtlt must', therefore, have been such as to permit of the 
formation of galena, blende, pyrite, marcasite and calcite, and, pre­
sumably, chalcopyrite, simultaneously. 

IX. TrrE CrrANGES W IIICH. TIIE ORES nAvE UNDERGONE SINCE 

TuEIR. DEPOSITION. 

It is broadly evident that the deposition of the ores was a secondary 
process, secondar-y ·to the formation of the strata which now bear 
them, and secondary in the history of the ores themselves, since -they 
must have been derived from an earlier metalliferous formation. To 
bring them into their present position and deposit them, some change 
o_f place and, probably, some change of chemical relations were in­
volved.· Precisely how the ores were brought from some other source 
and placed whm·e we now find them, and by what changes of physical 
state aud of chemical combination it was effected, are among the 
most vital questions of our discussion. Onr truest method will man­
ifestly be, to consider the changes that the ores are now undergoing and 
those which they have recently sufl'ered, and from these we may the 
more safely reason in respect to the transportations and transforma. 
tions that may have taken place in the more remote hi.story. of the 
formations. 

L Pl~ysleal Ohange.Y. (a) R·ur:faee Erosion since Ore Deposition. 
'J;he productive ci·evices, openings, and rnetal1iferous beds qnite often 
come ont to the snrface in ravines and the sides of bluffs. Immedi­
ately below where the lode thus comes to the face of the slope, there 
often lie, imbedded in the soil and residnary clay, det~ched pieces of. 
ore. · These a1·e almost in variably worn ·and corroded on the surface, 

VoL. IV.-32 
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and are scattered along the line of wash from the outcropping lode, 
and, in many cases, have served the sagacious prospector as a guide to 
its discovery. That these loose bits of ore were derived ft~om the 
lode by decay and wash does· not need discussion .. Its -obviousness 
finds expression in the miners' name "float ore." In some cases a 
lode appears at the surface on opposite sides of a ravine, as though 
formedy continuous across it, and float ore may be traced from the 
one outc1·op to the ·other, but, instead of stretching directly across the 

FIG. 59. valley, it has been carried down a greater or 
~~ less distance, as illustrated in the acc~mpany-
§~ 
~ ~ ing cut. 
~ : ...... .a; From the multitude of facts of this and simi-

a~~:;'r~ 
~: ~ 
~··b~· 
== ~ 
~- ~ 

i1l ~ •• ~ w~ ~ ~ ~ 'lllltl/1111\\~~ ~lti\~. 

lar nature, it is evident that since the original 
formation of the deposits, the . surface has 
heen ·much changed by drainage erosion, and 
that some of the ores have been me.chanically 
transported, and, to some extent, wasted by 

SKETcH SHowiNG DRIFT oF wear and corrosion. But this is less to our 
"FLOAT OnE." a a, Lode; b, 
''Float Ore." purpose than some of the following facts: 

(b~) J>7ty8ical changes with-in the openings. From what has already 
been said in respect to the methods of occl.1rrence of ores within the 
strata, it. is manifest t_hat, since deposition, they have, in many ~ases, 
been loosened b,y fracture, or disintegration, from their attachments 
and precipitated to the· bottom of the cavity, or imbedd.ed in the 
l'roducts of decomposition. Iri other cases, the ore, without having 
been detached, has beeri fractured and subsequently healed by metal­
lic sulphides or calcite filling the seams, showing that the fission oc­
cm-red before deposition had entirely ceased. It, therefore, appears 
that, since the o1·es were first formed within the cavities, which they 
now occnpy, they have been 'subjected to some slight mechanical and 
to certain, much more important, disintegrating agencies. What 
these latter were claims our. attention in detail. 

· II. Recent O!tmnical Changes. (a.) In- Galenite . . Through the 
kindness ·of W. T. llenry, Esq., I am in 'possession of a fine cluster 
of pseudomorphs of zinc carbonate after galena. An inspection of 
the specimen makes it evident that the cubes of galena were first 
coated with zinc carbonate after ·which they were gradually removed 
and the srnithsonite depm;ited in their place. This was not done by a 
uniform displacement of particle by particle, as in the higher type of 
pseudomorphs, for the molecules of smithsonite rlo not have the samo 
arrangement as the displaeed galenite, indeed, they do not fill the 
entire cavity, but, on the interior, assn me the irregular, cellular struc-
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ttire characteristic of "drybone.'" Such pseudomorphs after galena 
are comparatively rat;e, but specimens are somewhat common in which 
the galenite crystals are simply coa~ed with zinc·carbonate, the incip­
ient stages of change only bein.g 'visible. It would thus seem to be 
indicated that this is a transformation barely inaugurated. 

Another change, which the galena has suffered in recent times, and 
is undoubtedly undergoing at present, consists· of an alteration from 
the sulphide to the cat·bona~e. Galena may be found, not infrequently, 
which is coated with a white layer of carbonate, the whole mass still 
retaining the ot'iginal form of the galena and showing· on fracture 
that the junction of the carbonate with the sulphide is not regular 
and sharply defined as though. the former were laid down over the 
latter, as an ·added coating, but that it penetrates the gal~na irregularly 
along the crystalline planes of cleavage. Specimens may be found in· 
which the c~t·bonate penetrates the galenite through and through, 
leadng, however, laminre of the latter unchanged. 

These specimens universally show imperfect FIG. co. 
__ outlines and a tendency to disintegration, demon-

strating that it is a destructive process and not a 
method of growth. This is further shown by 
the fact that the carbonate has an open, porous 
texture and does not represent all the lead .there. 
was originally in the galenite crystal, a portion 

SEcTION oF A cun-E 0 'F a.~- ·ha.v,i.n
0
0' been carried awa,y, and b,y the further fact 

LENA MAINLY CHANGED TO 

I.EAIICARUONATE.Durklincs tl t • ' t ·1 1l tl b t f J'eprc~cnt remnant lamime la Ill SOme IllS ances ncar Y a le SU S ance 0 

of galena. the ore has been remov~d, leaving only a little 
pulverulent matter vet·y aptly styled '"mineral ash." It is made still 
more evident, if possible, that this is a proc0ss of decay, as well as 
transformation, by the decomposed condition of the rocks and minet·­
als w~th. which it is associated, and thegeneral·aspect of decay pervad­
ing the whole lode. It may be fnrther added that the carbonate is 
not in its appropriate crystalline form though,·in other situations, it 
is found perfectly crystallized after its own nature, the :result of con­
structive action. It wouhl be t;nnecessary to even cite at length these 
evidences of degeneration, so familiar are the phenomena, were there 
not still some lingering belief among miners· that "mineral ash" is 
ore in process of formation. In the description of galena, at the 
outset of this discnssion, mention was made of the occasional exist­
ence within its crystals, of singt~lar cavities conforming, in a meastli'e, 
to the crystalline planes and ·axes, and within these, sometitnes small 
crystals of lead sulphate or carbonate. These cavities, in part at least, 
are due to the removal of the galena and are, of course, subsequent 
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in origin, to its ·formation. There are then, leaving out of consider­
ation mere mechanical erosion, three classes of phenomena that 
indicate recent and presnmably present changes in .the galena. (1.) 
Its removal and the substitution of zinc carbonate, forming pseudo­
morphs of smithsonite alter galena. (2.) Its replacem.ent by lead 
carbonate accompanied by. partial remova1~ and (3.) Its removal and 
partial replacement by lead sulphate and crystalline carbonate. 

What 1:s the rationale of tlwse changes? Under favorable circum­
stances oxygen has a greater affinity for the .metals :under d.iscnssion 
than sulphur and when the sulphides, galena, blende, pyrite, marcasite 
and chalcopyrite are sn~jected to the action of moist oxygen, they 
tend to undergo slow oxidation by which these sulphides at·e changed 
to sulphates. In the present instance, the lead snlphide galena be­
comes lead snlph.ate, which occurs in the interior cavities of the 
galena instanced above. This ·lead sulphate, while it possesses the 
property only in a low degree, is yet sparii1gly soluble and hence suffers 
some loss from being carried. away by percolating waters. In the 
interior of the crystals, where there is very little access of water, we, 
lwwe"·er, find it, and, it is worthy of note; in this situation alone in 
our region .. 

But where the changing ore is exposed freely to t!1e common drain­
age waters, the reaction does not· stop here, for these waters contain 
lime and magnesian bicarbonates, and these exchange acids with the 
leaq sulphate, giving rise .to lead carbonate and lirne and magnesian 
snlphates. The latter is very soluble and pas3es away and we find no 
further trace of it. Th,e lime S\llphate occasionally crystallizes in the 
form of gypsum and remains as ~talisman of the reaction, bnt. for 
the mostpart, it also passes. away with the drainage, or is snbgeqnentl_'; 
reconverted by decomposing organic matter, or. other agencies, into 
li~e carbonate, which occurs abnn?antly in the lower metalliferous 

beds. The lead carbonate formed is highly insoluble bnt not abso­
lutely so, from which it results that it remains, for the greater part, 
where it is fi_rst formed until, by the slow solution of ages, it.is, at 
length, removed, but a portion of it will at once be Ganied away to' 
crystallize as car~onate elsewhere, or be again reduced to the sul­
phid~, or .else lost with the drainage waters. It appears, therefore, 
(lcmonstrably evident, n.ot only that chemical decomposition and re­
composition of lead com.pounds are now in progress, hut that a cer­
ta:in small content of lead is carried onward by the percolating waters, 
either t9 be again. reduced,. or~ at length, lost to the strata. It does 
I}Ot concer!l us here that this is exceeding small in amount. We are 
now but noting the facts. and principles of pres.ent ~hanges. 
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Is galena now. being formed? It has just been implied that the 
lead lteld in solution may be again reduced, which is equivalent to 
implying a belief that galena may. be now ·forming. Is there any 
direct e\~ideuce that s·nch is the fact?. ·It is certainly a very rational 
belief. If a. lead compound, howmrer infinitesimal in quantity, is 
being bome downwards by the descending drainage, it is only n'cces­
sary that it should come in contact with decomposing organic matter; 
or snlphm·ettcd hydrogen, to be again restored to the condition of sul­
phide, and, by ct·ystallization, form galena. Now the water that' 
descends directly tlu·ongh the main. channels· r.arries down consider..; 
able ot·ganic matter from the snrface and ·from the roots of plants that 
penetrate the nppet· crevices of the rocks~ A number of· instances are 
reported on ct·edible. testimony where bones are carried down into 
·the lead· bmu·ing ~revices, and some of thr:se c.ontain ·galena in tn,e 
1:1iter£or. These mnst. have been intl'Oduced ·into the creviees from 
above after. they wer~ opened to the snrface, for nothing of the kind; 
of conrs:-, .exists in these eat·ly Silnrian · ro~ks. It is evident, thet·e~ 
fore, that in these cases the ·galena has formed at a.compm·atively late 
date, for the overlying I-Indson river shales do not, fl'om their nature., 
permit open crevices and, in some districts, they have been but 
recently removed, geolo6ically speaking. I am informed by a wholly 
trustworthy gentleman that the antler o£, a deer, found in the alla­
vinm of a stream, contained galena. This would seem to imply not 
only that the ore was quite modern, but that the water of the stream, 
or the alluvium, was its source, bnt without fuller knowledge and 
verification of the facts, it is best to hold this very lightly. A con­
siderable number of cases have been reported where tools, as gads, or 
old shovels, which have been buried in the mines fot~ a long period, 
have been exh n med bearing small adhering particles of galena or blende. 
One of these has come into my possession, but the adhering ore seems 
to have been "was'h-dirt" fragments cemented to the gad by the rnst 
of the tool, rather than a new growth upon it. This may not be tnw 
of all reported cases, but very likely is. Nails and bits of iron, with 
attached ore, are also reported as fonnd· in stt·eams neat· mines, but 
these at·e probably to be explained in a sitnilar manner. 

In digging over old rubbish heaps ft·om the mines much small ore 
is often found, an<;l many miner:3 accept this as eviden~e of its recent 
formation. llnt this is probably to be explained by the fact that the 
earlier miners did not usually separate the fine ore from the crevice 
dirt. It wonld be easy to determine, by inspection, whether this is 
new ore or old fragments, or crystals that gre~ in shale, but no oppor­
tunity has been afforded. 
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It. is further reported that there sometimes occur in clay, once 
worked over, thin knife-blade sheets of g~lena ·occupying cracks in 
the clay. This would, indeed, be good evidence, if the facts had been 
cat·efnlly and critically verified by an obsPrver of known skill and 
trustworthiness. · 

But l~aving in doubt these cases there yet remain two other pre.­
sumable sources of redeposition. ·The lower lead-bearing beds, pre­
em.inently the Blue limestone, are· pervaded with shaly layers and 
interleaved parting3. which contain much organic matter, as does a.lso 

... 'some of the adjacent limestone. These shales check the descending 
currents and cause them to soak throngh slowly, and of necessity 
come in contact with the contained organi~ matter. The fact that the . 
carbonaceous shaly leaves are often thickly studded with crystals of 
galena and blcnde d~monstra.bly formed there, is good ground for 
believing that the o1·ganic mattet· was the .pr~cipitating agent. This 
argnment is defie.ient in that it doe~ not detet·mine ~hether the 
o1·ganic matter is still competent to precipitate the passing metallic 
compounds, but it is yet, at least, so far oxidizable as to burn with 
flame, and sometimes so abundant as to be burned in heaps for the 
purpose of separating the disseminated ores. 

The other possible precipitant is sulphuretted hydrogen, which is 
evolved in a variety of natnral processes, as is well known. The 
phenomena of our numerous artesian ·fountains indicate that it is 
very widely prevalent in the deeper strata. I have thought ~hat the 
facts justified a· broad classification of our natural waters into the 
superficial ones which are oxygenated and the deeper ones which are 

. snlphuretted, designating the horizon of the former the zone of oxy­
genation and of the latter the zone of sulphuration. In strata ·widely 
inipregnated with sulphides., like those of the lead region, the sources 
for the development of sulphuretted hydrogen are prolific, and this 
distinCti~n has more than its: broad general application. The lead 
compounds, developed as above indicated in the zone of oxygenation, 
descending into the zone of sulphnration, would, I am confident, be 
redeposited as galena, so that, in part, w·hat is lost above is saved. 
below. In evidence of this, we may recall the facts given in detail 
in regard to special cases· of succession in the order of deposition~ 
notably the specimens from Marsden mine. It thet·e appeared that, 
while there is a ·pre.,·alent order for the main primary deposit, there is 
also a secondat·y ser·ies in special cases of prolonged deposition, and 
that lead is sometimes one.of the most recent of these formations, 
being associated with calcite and pyrite in the constitution of stalac­
tites, even forming one of their latest deposits. When we add to this 
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the bright fresh surfaces of the minerals, some of them especially 
prone to change, as marcasite, so strikingly in contrast with thlj aspect 
prevalent in the zone of oxidation, the belief that the ot;es arc now 
growing and are in reality, as well as appearanc:-, fresh, is more 
rational than the alternative view that they have rem~iined unchanged, 
even untamished, through the lapse of ages. It is ditlicult to believe 
that these minerals could have stood for any long period on the nar­
row neutral line uetween· the de3trnctive and constructive processes in 
ceaseless activity in the earth's crust, situated as they are irLthe drain:­
age channels between the upper u.nd nether zones. It is, therefore, 
my confident conviction, that, as the ores are being wasted by oxida:. 
tion in the superficial horizons and home down uy the descending 
drainage~ they are caught .and redeposited at lower depths through 
tile agencies that have been indicated, and possibly others beyonJ onr 
ken. To be snre, the loss of substance from oxidation ahovn and the 
somewhat less gain from redeposit below, are trivial matt~t·s in their 

effects upon onr resourees in any limited lapse of tirme, when atten­
tion is con-fined, ns it has been here, to the ores already deposited in 
the lodes, but when the mot·e vital·qnestion is raised, Are ores being 
deposited ft·om the source whence the existing masses were derived~ 
it assumes more importance, not so much from the value of the aem·e­
tion, which is pt·esnmably very slow, as from the practical principles 
and methods, as well as theoretical deductions to be drawn from it 
This question I shall also ans\7er in the afi1rmative, but its discrission 
belongs to the second division of our disquisition. 

Recent OAetnges in Blende. It is common enough to brenk open a 
rough mass of zinc carbonate in the form of dry bone and find the 
interior blende, and a close inspection of a multitude of these leav£\s 
no room for doubt whatever that the blende has ueen changed, and 
presmnably is still changing. into "dry bone." Associated with this 
there is often much of the hydrated zinc carbonate. hydwzincite; 
which manifestly had a similar origin. It is to be noted that the 
zinc carbonate not only doe~ not habitually retain. the strncture and 
·crystalline outline of the blende but assumes a. new and commonly 
more bulky form, characterized by a very irregular, cellular structnre 
that perhaps could not be better briefly defined than by its C<?mmoa 
name "dry bone," derived from its likeness to the vesicnlar interior 
of a bone, the similari"ty being often enhanced by a coating of smooth 
COIUpact hydrozincite on the exterior _representing the outer osseous 
layer. To the mineralogist, however, the likeness to calcareous ti:tfa 
is more obvious. It hence appears that there has not only been trans4 
formation ·Lut also transportation over a small space. An inspection 
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of the specimens shows that not only does the carbonate grow inward; 
replacing the transformed blende, bnt also grows outward by accretions 
on the surface. The hydrated carbonate enters quite largely into this 
latter gt·owth, assuming concentric layers and a botryoidal sm·face. 

It has already been noted, in connection with thechanges of gdena, 
that the zinc carbonate, in certaiu instances, formed coatings over 
galenite cnbes, which were subsequently removed and replaced by the 
zinc compound. Here, therefore, also .the ores have been both trans­
formed and transfetTed. 

It is flll·ther evident that the zinc formation began earlier and con­
tinued at least as late as the action npon the lead, becanse it first coated 
and then replaced it. But we have instanced reasons for believing that 
the dissolution of the lead ore is still in progress. It, therefore, is in­
ferred that the alteration of the zinc is likewise continuous still. In 
:culded snppot't of this, the zinc ore itself presents ample evidence 
as will presently appear. 

Not only does· the srnithsonite coat and replace galena, but mnch 
more. commonly it forms pseudomorphs after calcite in a precisely 
similar way. In the fine collection of Mr. Henry, as well as among 
the many specimens he has generously given me, every stage of the 
·process is beantifnlly shown. Thet·e are specimens of calcite ,covered 
with but a thin, closely adherent film of zinc 'carbonate; others with a 
thicker crust; others in which the snrface of the calcite beneath the 
Cl'USt is slightly e3ten a\';·ay and projecting points and plates on the in:. 
ner snrface of the coating show the commencement of inw~rd growth, 
following up the dissolving calcite; others, in which tho· calcite is 
more and more rednced· and the zinc more and more advanced; others, 
at length in which there is only a crumbling remnant of the calcite in 
the center, and, finally, those in which it has entirely disappeared, 
leaving simply a shell of zinc carbonate in the form of the original 

calcite with an interior of reticulate plntes. In no specimen obserred 
was the interior entirely filled with solid smithsonite, but, on the other 
ltand, the ore is disposed in plates correspondent to the cleavage lines 
of the calcite. In many instances, when the calcite is only partially 
removed, the smithsonite plates may be seen advancing along the 
clea\7~ge cracks of the calcite. 'The latter mineral evidently dissolved 
:tnost readily along certain crystalline planes ·and cleaYage crevices and 
th~ zinc deposition followed closely in the abandoned space. In the 
Mineral Point region, pseudomorphs of this kind are quite common, 
e·specially in the Hutchinson range. 'They take all the prevalent forms 
of the calcite. The precise method by whicli these transformations 
took place seems to be as follows: . Anfecedent to the alteration thm·e 
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existed the original deposit of blende, associated with crystals of cal­
cite, the latter usually adherent to the surface of the former, being a 
later deposit. Usually galenite and pyrite, or marcasite, were also 
present, but that does not concern us just here. The Llende, zinc 
sulphide, underwent oxidation, as in the case of galena before ex­
plained, and the result was zinc snlphate. This is a highly sol­
uble compound and would be promptly borne away but for two circum-. 
stances. In the fi.I-st place, this reaction does not take place habitually 
beneath water, but in moist situations above the water level, and hence 
is not exposed to copiot\s drairiage. In the second place, z1nc snl phate 
and lime carbonate- coming together mutually exchange partnel's and 
become zinc carbonate and lime sulphate, the former of which is only 
siightly soluble, while the latter is moderately so. vVhen, by the 
oxidation of the blende, zinc sulphate is formed, it creeps over the 
moist surface of the calcite crystals and the above reaction takes place 
between the lime carbonate of the ct·ystal and the zinc s'ulphate, by 
which zinc carbonate is fo1·med and deposited as a film on the cr:ystal, 
while the lime sulphate passes on with the capillary moisture. vVhen 

· the coating has once been formed, there is little or no fat·thet· action 
on ·its sut·face, and so the fonn of the calcite remains essentially un­
changed, but the zinc sulphate, penetrating between the coating and 
the calcite, continues its action on the latter, at the same time adding· 
to the gl'owth of the fot·mer vn the inner side. . This capilla1·y action 
would naturally take place_ Ifl03t readily in the· cleavage fisSUI'eS of the 
calcite and thus gi":e rise to the reticnlated plates of zinc earbonate 
above described. It is to be noted, however, that the entire space 
occupied by the calcite is not :filled with smithsonite, or in other 
words, the calcite is wasted faster than the deposition of the zinc carbon­
ate demands. Without entire confidence as to the adaquacy of the 
explanation, the following will satisfy, at least, part of the demands of 
the problem. 
· It has been. stated .that, in connection with the blonde, there is usn­
ally present iron bisnlphide in the form of pyrite or marcasite: 
Some is also intel'lnixed with the blende as an impul'ity. · This like­
wise undergoes oxidation, bnt, containing two atoms of sulphnr to one· 

· of iron, gives rise, on ultimate oxidation, to an extra equivalent of: 
sulphnl'ic acid, which will remove part of the calcite without re-·. 
~iduum. Furthermore, when the reaction between iron- snlphate and· 
the lime carbonate takes place, the carbonic acid, instead of forming 
an iron carbonate, is set· free and passes off, leaving only the ·iron 
oxide, whose volume is less than that of the iron sulphate, from which 
it was derived, or of the .lime carbonate it displaced.· Between the 
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calcite removed by the extra acid and this shrinkage in reaction, there 
Would result a considerable unoccupied space. The fact that the in­
terior of these pseudomorphs are peculiarly ferruginous and the cr-.1-
cite sometimes coated with iron o.xide, sanctions this explanation. 
Probably, also, the freed carbonic acid assisted in catTying a\vay in 
the passing moisture some of the calcite, as bicarbonate. 

The reactivn which gave origin to the formation of" dry bone" ft·om 
bleride was essentially tl~e same as that involved in the prod.uction. of 
the psendomOl·phs, the re::luction of the sulphate being due to earthy 
carbonates in the capillary moisture derived from the adjacent lime­
stone. 

In regard· to the q nestion whether blende is being now form~d, 
essentially the same arguments and answer may be offered as in the 
case of galena. It probably is forming in the lower horizons both 
from the waste of the blende above and from the original source 
whence that was derived. 

Recent OAanges in J->ytite and Marcasite. As these are both iron 
bisulphides and undergo like changes, they may be conveniently con­
considered t~gether. These minet·als also show in .the clearest light · 
the chemieal and pseudomorphous changes which th~y undergo. 
A series of specimens may be readily gathered which show all stages 
of ~he process. First, there are those which a!·e barely tarnished on 
their crystalline faces, then those coated with a thin tilm, and then 
others with a deeper crust of iron oxide, whose junction with the sul- . 
phide shows that it is not a. supperadded coating, while its texture 
demons~rates that it is not a product of accretion but of alteration. 
Then there follow specimens, in which the oxide penetrates deeper and 
deeper until the sulphide has been entirely displaced. But we are not 
left even to this class of evidence, however convincing. Fre5h masses 
of th~se minerals, especially the marcasite, may be placed on a shelf 

in the open atmosphere and will shortly begin to disinteg1·ate and a 
bitter, efflorescent salt will appear on the surface, which examination 
will show to be iron sulphate. But these are bisulphides, and, in the 
change to the sulphate, but one of the equivalents of sulphur is·needed. 
The remaining equivalent may form sulphuretted hydrogen and escape 
as- a gas, or by oxidation give rise to free sulphur or sulphuric acid,. 
according to the conditions. The latter would, of course, at once 
unite with the earthy carbonates to form calcic and magnesic snlphatcs. 
But the iron snlphate fonned, corning in contact with eat'thy carbon­
ates; either in the rock, Ol' in ~olution,· gives up to them its sulphuric 
acid, which displaces their carbonic acid. In the case of lead and ziuc 
we hav:e seen that the carbonic acid thus displac~d united with the 
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.me'tal forming a cat·bonate. With the iron, however, this does not 
usually take place, but the carbonic acid is set free, to the discomfort 
and danger of the miner, to whom it is known as "the clamps" or 
''bad air." The iron takes to itself more oxygen, and usually water 
also, and becomes a hydrated sesq nioxide, in most cases, known to the 
miner a..; ocher or rust. Vccasioually, however; the iron sulphate is 
not remo'ved uy solution and does not undergo this 1~eaction, but re­
mains a.s a whitish, bitter salt, or organizes itself into pale gt·eenish 
crystals, identical with· our common copperas. This, o£ course, only 
occurs when there is very little percolating water and is not a stable 
or permanent pt·odnct. Indeed it shows on the other hand the insta­
bility of some of the com;titnents of our mineral lodes under certain 
natural conditions and illustrates th"e relative rapidity of their changes. 

The limonite, produced by the oxidation of these sulphides, very 
commonly retains the form of the original mineral, and, in some of 
the radiating varieties~ presents very interesting; and, to . the miner­

alogical sense, Yery beautiful forms. 
Recent Changes in Chalcopyrite. As might now be easily con­

jectured, this mineral, a double· sulphide of cop pet· and iron, suffers 
alteration in a manner pr~cisely similar to the foregoing. Oxidation 
gives rise to copper and iron suiphates and these, in turn, are reduced 
to copper carbonate and iron oxide by the action of the earthy car­
bonates. The copper carbonate m~y take either the· form malachite 
or azurite. Both are not uncommon. in the same specimen. · 

Recent Clt/tlJ.ges in Calcite. Mention has already been made of· 
the changes which calcite ct·ystals suffer, in certain instances, through 
the agency ot the decomposition products of blende wliet·e it is quite 
clear what the agencies of alteration were. In many other instances, 
this spar has manifestly suffered much corrosion and, from the fore­
going considemtions, it is clear enough what might have heen, and, in 
large measure, probably were the agencies. Any one of the sulphuric 
products of the oxidation of the sulphides was cot·npetent to destroy 
its integt·ity. But, in addition to this common corrosion, calcite not 
unfrequently sustains a relation to barite that appea~s to show that it 
is being replaced by that mfneral. Tl~e barite occurs in patches in 
what would seem to have been ot.herwiseo a continuous seam or mass 
of calcite. The ragged interlocking edges, at their junction, forbid­
the idea that they we1·e originally deposited in this juxtaposition. 
The ct·ystalline planes of the calcite are interrupted by the barite in a 
way scarcely accordant with the .view that the barite was present when· 
they wm·e formed, while the, strqcture of the barite is very irregular 
as though assumed under conditic..ns adverse to symmetrical crystal-
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line devolopment. Neither have the outline they wonld ha,·e .as~ 
sumed had they formed either befote or after the other, or indeed 
simultaneously, without corrosion or substitution. It seems, therefo.re, 
quite clear that the b~U"ite is replacing the calcite. Precisely how this 
is beirig done is not so clmtr as in the .preceding instances of sn bstitu­
tion. If the barium was brought into contact with calci~e in the 
highly soluble fot·m of barium sulphydrate (presumed to have been 
formed from barium sulphate by the action of decomposing .organic 
matter), simple oxidation and recombination would form both barium' 
and lime snlphates, the former remaining because of its extreme 
insolubility and the latter passing away in solution. While possible;' 
it is not highly probable, that· the barium comes into action in this 
form, bnt rather in that of theo carbonate, since it occurs in this· 
form in springs and the deposits from them, and is al:5o found in the 
lead regions of Lexington, Alston Moor, Silesia, and el.s~\vhere. 

Barium carbonate is soluble in water ~barged with.free carbonic 
acid and, in this form, it would be carried into the minute fisstires 
and capilhu·y crevices between the calcite and the metallic sulphide 
with which it is associated, usually blende. Here it would meet. 
either a metallic sulphate, formed ft·om the di·rect oxidation of the· 
sulphide, or with lime sulphate, due to the secondary action of the 
metallic sulphate on lime carbon.ate. In the former case, tl_1ere \Vonld 
be a simple exchange of acids, resulting in barium sulphate and a 
metallic carbonate, usually smithsonite; in the other case, there would· 
be a similar reaction between the barium carbonate and lime snlphate, 
yielding ~arinm sulphate and lime carbonate. This latter in the' 
abundant presence of free carbonic acid will pass away in sol uti on. 
In either case, the final result is the removal of the calcite a11d the· 
deposition of the barite. It is not altogether improbable that all of 
the foregoing reactions take place under different circumstances. 

Recent 0/1-anges in tlte Inclmdng ]lock. In addition to the recent 
transformations in the minerals of the lodes, it is worthy of note that 
the adjacent rock participates. The walls of the fissure3 have, in 
ni.any cases, been extensively disintegmted, giving rise to the clay and 
calcareons sand that now fills the crevices. The outer portion of· 
blocks of rock have been much eaten forming" tumbling rock," caves 
have been fonned, and, in general, the whole upper portion of the 
formation has been changed from its original blue or gray color to its. 
present lmff hue and, at the same time, corroded in various degt·ees. 
This action is due partly to the dissolving of the rocks by drainage· 
waters, ·carrying free carbonic acid and other solvents brought down· 
from -the surface, partly to the action of corrosive substances derived· 
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from the rocks themselves; and partly to the reagents arising. from the 
chemical reactio.ns of the minerals of the lodes. 

The hst two agencies arise mainly from oxidation. The descending 
·surface waters carry down oxygen not only through visible fissur.es 
but by meaus of capillary crevices and minute pores and thus oxygen-· 
ate all sn bstances whose affinities are not already sati8fied. The main 
results are the peroxidation of protoxides, the decomposition of 
organic matter, and the change of sulphides to sulpbates. The at­
tendant Recondary results are the solution and removal of a portion · 
of the rock and a··cha.nge in the composition, coherence, and color of 
the rem!).inder. · .. 

That po1·tion of the strata that has been subjected to this action bas 
been designated tlw zone of oxidation. The superficial region above 
the permanent water level most obviously belongs to this zone, and 
there the results of oxidation are most conspicuous. The most active 
portion of the zone lies just at the water level where chemical trans­

'fonnations are relatively vigorous. Below this line, the free oxygen 
of the water is gradually consumed and its·activities correspondingly 
)essenecl and the zone shades away to the nentral line, beyond which, 
ii1 our Yiew, the oxygenated compounds are robbed of oxygen by corn­
·ponnds of stronger affinities and thel'e is, in la1·ge part, a return to the 
former state, the metallic compounds again becoming sulphides. 

X. ORE DEPOSITS IN THE LowER FoRMATIONs. 

Our attention has thus far been confined to the ore deposits of the 
Trentou and Galena limestones, in which are situated all the lead and 
zinc mines that have been thus far profitably wrought for any consid­
et·able period of time. It is a matter of supreme practical and the­
oretical interest to determine whether the formativns lying below 
these are productive or barren, a q\1estion upon which there has been 
mnch diversity of opinion. Theoretical views and financial interests 
alike are affected by this important problem. It is more important, 
however, to ascertain the probable facts than to sust:1in a theory or be 
·led into false practical conclnsions. It is manifestly, therefore, onr 
first duty to gather all the trustworthy evidence within our reach con­
cerning the actually observed occurrences ·of ores within these forma~ 
tions. . 

Ores in the St. Peters Sandstone~ 

Concerning .the metalliferous character of this formation Dr. Owen, 
writing in 1851, in the midst of the earlier mining explorations, says: 

."This sandstone formation appears to ~e destitute of other minerals foreign to iis 
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composition. Its structure is unf~vorable for· the retention of metallic orcs for reasons 
previously enlarged upon." 1 . 

Dr. Percival, in his report of 1855, says: 

"The Upper Sandstone, so far as I have been able to ascertain, has not yet been found 
to contain mineral either in cravices o:: openings; but a sheet of zinc ore and iron pyrites 
at Mineral Point, already referred to (p. 55), is said to have been traced 2-3 feet into 
that rock, in the line of a crevice bearing mineral to the base of the blue limestone. 
Copper ore is also said to have been found in the sandstone at the depth of sever<Ll fee·t, 
in the same vicinity. It. is thus not improbable that if the mineral is interrupted in the 
sandstone, ores of zinc and copper may be found there in its place." ~ The passage 
referred to is as follows: "I have not yet had an opportunity of tracing such a vein 
lower than the, upper bed of the blue limestone; but I have been informed by J. 
Bmcken, Esq., that such a vein, in the Victoria ra.nge (Mineral Point), was followed 
down to the base of the blue limestone, and that the accompanying zinc and iron ores 
were even traced into the upper sandstone." 

Prof. Whitney, in the report of 1862, speaking of the Crow Branch 
mines, says, p. 363: 

"Up to that tim.e no ores had been observed in the sandstone, although the mineral­
ized deposit was thus brou~ht down nearly into contact with that rock. I have re-cently 
(August, 1860) learned from A. K. Johnston, Esq., that in a visit made to these dig~ 
gings, in J nl.v preceding. he ascertained that ' two distinct veins of Galena had recently 
been discovered running through the sand-rock.' Of the size of the veins, or depth .to 
which traced, no.information was given. At all events, the fact is an interesting one, 
as it is the first authentic occurrence of lead ore in this :rock, so far as I have been able 
to ascertain. It is not probable that these veins will be found penetrating to any con. 
siderable depth'; but, of all the localities in the lead region, this was the one where it 
might be most naturally expected that, if anywhere, the ore would be found making 
in the sand,stone." 

FIG. 61. In the same vicinity in 1868, I pcl·­
sonally extracted small quantities of. ga­
lena from this formation. Thb deposit 
~unsisted of' mere cietached kn ife-hlade 
sheets of an inch or two in diameter, 

occupying small seams in the sandstone. 
The quantity was merely sufficient to 
permit the bare assertion of its exist-. 
ence in the formation. Its position wa~ 
within a very few feet of the upper 
limit of the sandstone, which, at that 
point, is overlain by the Bt1fi' limestone .. 
The little, detac,1ed patches of ore had' 
no evident connection with each other 

SECTION OF SPECIMEN OF 81'. PETERS Or With the limeStOne abOVe, Which, ho\\".,:., 
SANDSTONE FROM CROW BRANCH CON• d'd ' }} } 
TAINING GALENA. Dark portion repre- CVer, 1 nOt VeftiCa y OVer ie it, 
f!ents galena; the light spots within it Just as the above was i!oi'n!! l~llto tylJe the inclosed gruins of sand. ..-, .. , 

1 Owen's Geological Survey of Wisc,onsin, Iowa and Minnesota., page 71. ~~ p. 66. 
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I recEived from Mr. Henry, to ";hom I am indebted fer many similar 
favors, &. specimen of St. _Peter's sandstone from Crow Branch contain­
ing galena, of which Fig. 61 is a sketch, natural size. The most 
·intEresting feature of the speciinen is that the ore, instead of accom­
Iianying a seam, is_ an b1jiltration into a thin layer of the sandstone, 
somewhat' coarser and more open than the adjoining. The grains of 
sand are inwrapped and bonnd together by the galena. In passing 
through the specimen, which is hut three-fourths of an jnch thick, the 
dimensionB of the little vein, if it is worthy to be so called, are re­
d need one-half. 

To these there might perhaps be added a fe~v similar observations, 
less well authenticated, but they would add nothing to the character, 
but onl.r somewhat to the number of instances. The St. Peters sand­
stone is well exposed at sevct·flJ localities, notably that of .Mineral 
Point, Closely beneath rich lead deposits, and is conspicuously barren 
and there is no sufficient reason fur supposing the formati~n to be in 

any noteworthy degree meta1liferous. 

Ore Deposits in tlte Lower Magnesian Limestone . . 

As early as 1848, Dr. Owen. collated the following evidence con­
cerning the occurrence of lead ore in this formation.1 After referring 
to' the existence of trappean and metamorphic rocks in the region 
northward, he says: 

"There can now be little doubt that the whole mining region of the Uineral Point 
and Dubuqu<:! d:stricts of Wisconsin and Iowa is based upon a sie:nitic and granitic 
platform which would, in all probability, be reached by penetrating to the depth of 
from one thousa.nd to two thousand feet. 

"These facts, ta.ken together, may bfl considered as favorable to the metalliferous 
cha.racter of F. 2. [Lower Magnesian limestone.] Fortunately, I am able to bring 
several actual discoveries in corroboration of this inference. 

"Near the base of a bluff composed of F. 2, on the west side of the Mississippi, 
some ten or fifteen miles above the mouth of Turkey river and just above the French 
village, from seven to ten thousand pounds of lead ore were obtained from openings in 
the rock by Dr. Andros. More or less galena is found here, in all the horizontal open­
ings, for the distance of half a mile to a mile. 

"Near the month of the Kickapoo, on the southeast quarter of section ten, township 
seven north, range five west of the fourth principal meridian, pieces of lead ore, 
weighing from half to three-quarters of a pound, have been obtained from cherty beds 
of the inferior part of the lower magnesian limestone. A company has lately com­
menced-exploring there, and has obtained some hundred pounds of galena. 

'• On the opposite side of the same valley Hearn and Ward obtained about four hun­
dred pounds of galena; some masses weighed fifteen pounds. On section fifteen, town­
ship se~en north, range five west of the fourth principal meridian, some lead ore has 
been found. 

1 Executive Document, No. 57, first session, 30th Congr~ss, _page 2:3, 
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•.: In the hil1s at the first great western bend of the Kickapoo, a little b:Jlow the·mouth 
of ·:p!u.mb creek, Hearn and Miller discovered some lead ore. 

"Half a mile south of the aforementioned valley, on the south half of section fifteen, 
township se~en north, range five west of the fourth principal meridian, Burns and 
Miller procured about a hundred pounds of lead ore. 

"East of the first locality,. Hearn and Miller dug sixty feet, and followed an east and 
west lode, in which they obtained a small quantity of lead, ore. · 

"All these discoveries were made in the lower magnesian limestone, F. 2. 
" In the ·same· vicinity, on the south half of sections thirty-three, thirty-four and 

thit;ty-five, . township eight north, rang-e five west of. the fourth principal meridian, 
there are.vestiges.of ancient diggings wrought by the aborigines. 

"Between: Yellow river and the upper Iowa, Mr. A. L. Martin found several pieces 
of lea~ ore on the surface, weighing four or fi~e ounces, and observed a place where 
the In:dians must have excavated the hill in search of this ore. 

"On the upper Iowa river in several places east and west, crevices were observed in 
the lower magnesian limestone, presenting symptoQls of being galeniferous, especially 
at a .bend of that river where the stream flows over solid ledges ·of lower magnesian 
limestone with bold. bluffs of the same on the south side. This place is eight or ten 
mile~· below the Big Spring, and by water about sixty miles above the c~nfluence of the 
upper Iowa with the .Mississippi. 

Cn the Nttzi Oju, Mr. B. C. ~facy, of the geological corps, saw a vein of lead ore of 
four inches in width, bearing nearly east and west, and ranging apparently for the dis· 
tanca of half. to.t\r3e-qua.rters.of a mile thro:.1gh the lower magnesian limestone. 

I~ his final report of 1851, he supplements the above by the fol­
lowing remarks; page 63. 

"To the above may be a~ded some interest:ng discoveries mnde in· this ·formation, 
between Plum and Pine Creeks, tributaries of the Kickapoo. Between these E:treams in 
the southwest corner of section 26, township 8 north, range 5 east of the 4th princi­
pal mer:idia.n, on the s~utheast slope of a hill, copper ore, associated with hematite, 
was found and ,traced into a crevice traversing the lower cherty beds of this formation. 
On the opposite side of this hill no copper ore hl:!-s yet been noticed;· but, four miles be­
yond, in a north-northwest direction, on tile. slope of another hill of about the same ele­
vatioq, .similar copper ore was picked up. 

" About twenty miles north of the mouth of the Kickapoo, four miles west of it, and 
seven miles east of the copper range heretofore mentioned, in the valley of Hale's Creek, 
lead ore has lx~en obtained, apparently cvnnected with an east and west lode. 

" A heavy lode of lead ore iR said also to have been discoyered on the Half Breed 
tract near the Wazi-oju, by Joseph Bison. This vein is represented as being from ten 
inches. to a foot wide, apd filled with galena embedded in the usual matrix of red, ten­
acious clay. 

" Two miles below Bad Axe river, Mr. Prat.ten, of the geological corps, found lead ore 
attached to calcareous .spar, which evidently feil from the cliff of the Lower Magnesian 
limestone .~bOve the spot where t.he specimen was picked up. · 

" In the Winnebago reservation, not far from the Iowa river, and a few miles north· 
west of the s~all town of Lansing, lead ore was found, in small quantities, chiefly in 
pockets and cavities. 

"The abov~ instan~~s abundantly prove thnt the Lower Magnesian limestone, as well 
as the U pp=r, is lead-bearing; ·whether productively so, or not, cannot be fully determined 
until the rock. is scientifically. mined. It is certain that, at many of the above lo-:!alities, 
the rock is exceedingly cherty, and is conseqnently hard and difficult and exp~nsive to 
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work, ~nd near the surface the ore is much scattered and disseminated through the rock, 
rat,her iP horizontal openings than in vertical veins; still, if this surface ore should be 
connected with deeper-seated lodes, as there is some reason to believe it may be, then 
these would be well worthy the attention of the miner. 

"Und'er present circumstances, however, and with the uncertainty attaching to the 
last hypothesis, I have not considered it my duty to recommend lead mineral· reserva­
tions where this formation prevails. 

"As to its copper ore, the Department will recollect that, on the 23d of November, 
1848, I reported certain sections, and fr~ctional sections, which were regarded as min­
eral lands, but added, that, until the chemical analyses of the various samples of ores · 
taken from different crevices were completed, I could not decide upon their productive­
ness. These examinations have now been made and their results, together with other 
considerations, do not, in ~Y opinion, justify their designation as p1·oductive mineral 
lands. Some of the richest portions of the copper ore have 'yielded, it is tme, as much 
as twelve. per cent. of copper; and, it is possible, by the outlay of a large snm of money 
veins might be followed and finally yield a profit to the miner; but the avemge per­
centage of all the ore and copper-earth which I have analyzed will not amount to more 
than four or five per cent., and a great, deal of it to only one per cent. In a new country, 
distant from a market, ores of this description are not worth working.·~ 

Dr. Percival, in his report of 1855, makes the following additional 
contributlon to our knowledge of the.subject, page 66: . 

"If the mineral is interrupted in the upper sandstone it reappears in the lower mag­
nesian. Numerous instances are stated of the occurrence of mineral in the lower mag­
nesian in Owen's reports (1847, 1852), and several other localities have been mentioned 
to me by different individuals, near the Mississippi, and in the country between it and 
the Kickapoo, north of the Wisconsin. I shall, however, confine myself here to my 
own observations.' I have not yet had time to explore the country occupied by the lower 
magnesian to any extent, and have visited no other diggings in that rock, but those in 
the vicinity of Blue river, known as Ohlerking1s ·Diggings. These, however, furnish 
satisfactory evi~ence that the mineral occurs in that rock, in as praper openings, in as 
large ma..sses, and arranged as regularly as in the upper magnesian: The diggings are 
in the sides of a ravine, 60 to 70 feet' deep, leading to the Blue river, about three miles 
west of Franklin village. The lower magnesian occupies the sides of the ravine nearly 
to the summit, where it is overlaid by a low bluff' of the upper sandston~. About 
three-fourths of the descent below the sandstone is occupied by a steep slope, formed 
by the softer upper bed of the lower magnesian, below which is anoth·er low bluff 
formed by the harder middle portion of the same rock. Three successive openings, one 
above the other, appear to occur here in the lower magnesian; one 8 to 10 feet bel9w 
the sandstone, another just above the harder middle bed, and a third below the bottom 
of the ravine, in the latter bed, ~nd at a depth of about 70 feet in the lower magne­
sian. The .openings appeared partly narrow and vertical, partly wide and flat, with 
appearances of decomposition and sta,in in the rock, deposits of clay and ocher, and 
arrangements of the mineral, similar to those in the upper magnesian. Flint, such as 
is peculiar to the lower magnesian, is found in the openings, and is connected with the 
mineral in the same manner as has been noticed in the flint openings in·the upper mag­
nesian. The mineral in these openings generally appr.a,rcd in more or less detached 
masses (chunk mineral), ofte!J. very large, weighing more tlut,n 100 tl>s.'; a few even 
more than 500 lhs. J t was what is called pure mineral, free' from iron and zinc· ores, 
and strongly resembled that found in the upper vertical openings in the upper magne­
si~tn. After examining this locality, l could not.doubt that the lower magnesian is a 
good ru1n~ral-beadng rock." · 

VCJL. IV.-33 
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The fo11owing is ·Prof. Whitney's review of the. evidence bearing 
upon the subject (pp. 408-413): 

"The advocates of dP-ep mining bring forward several instances of the occurrence of 
lead ore in the Lower Magnesian, where this rock is exposed on the surlace to the north 
of the Lead Region, from which they infer that it can be profitably mined in, by con­
tinuing the workings in the regular le.ad-bearing rock of the district down into the 
underlying formations. Now it might be that the Lower Magnesian could be profita­
bly worked in when it lies next to the surface and yet that it would not pay to sink to 
it through .a thicknE'ss of one hundred feet or more of unproductive strata, when neces­
sarily expensive machinery would be required to keep the mines free from water, in 
addition to the increased expenditure for the machinery required for hoisting from a 
consiuerable depth. Vv e will go farther, and make the assertion based on pretty ex­
tensive observation in the regio~, that if the present lead-bearing formation, the Galena 
limestone, were covered by one hundred feet of unproductive rock, as difficult· to sink 
through as the Upper sandstone; the deposits of lead which it contains could only in 
very exceptional cases be worked with profit; ariel as these cases could not be known 
beforehand, the result, on the whole, would be uns::ttisfactory. Therefore even if it be 
admitted that the Lower Magnesian does contain, ueneath the Lead Region,. as large. 
and valuable deposits of ore as the Galena limestone, it coullf not be mined with profit 
except where , it crops out in the valleys, or is overlaid by only a thin stratum of other 
rocks. This statement is made, of course, with re:·erence to the present condition of 
prices, wages, etc., in the Lead Region. 

"But, on the other hand, we are not prepared to admit that the Lower M::tgnesian ever 
has. been, or is likely to be, profitably mined in for l<:acl, either when it comes to the 
surface, or when it is overlaid by other rocks. For the 'purpose of determining this 
point, we have examined all the locr;.lities where galena has been reported as having 
been found in any noticeable quantity, and are able to affirm that, at the present ~ime, 
no profitable mimng is carried on in the Lower Magnesian, and that no11e ever has been 
for any length of time; and, farther, tha.t no well developed crevices, or such as could 
be followed to any distance, have ever been found in it. · 

''The principalloUalities which have been quoted, and relied on as affording evidence of 
the productiveness of the Lower Magnesian are tl)e Kickapoo, and Ohlerking 's or Moosan 's 
diggings, ne<Lr Fra.nklin, although neither of these has yielded as much ort!, or been as 
worthy of.notice, as those at New Galena, on the Upper Iowa river, in Iowa. The lust 
named diggings are thus described by me in the Iowa Report: 

" 'Along the face of the bluff, in which a thickness of 120 to 150 feet of the Lower . 
Magnesian limestone is exposed, a number o£ drifts have been extended into the rock, 
a little below its juncture with the sandstone, and considerable galena bas been taken 
out. The limestone, at this point, is brecciated in its structure, appearing as if it had 
been partially brok~n up after its deposition, and then re-cemented; portions of tho 
rock have also a coneretionary structure, and it.s whole appearance is that of a mate­
rial which has been subjected to both mechanical and chemical disturbances. The ore 
appears to be associa.ted with irregular strings and bunches of calcareous spar, ramify­
ing. through the rock, but nowhere assuming a regular form, like that of a vein, or 
appearing to occupy a well-developed fissure. Sometimes a little decomposition of the 
rock has taken place, which has given rise to a sort of opening,. but none were ob­
served which were more than a few inches wide and a few feet long. It is said that 
between fifty and one hundred thousand pounds of ore nad been obtained from these 
diggings; but it seems hardly possible that the operation should have been, on the 
whole, a profitable one; and, taking into consideration the "hardness of the limestone, 
and the very limited extent to which it has undergone decomposition in the vicinity of 
the mineral deposits, we see little to encourage farther expenditure at this point.' 
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"Since the above was written, we have had no furt.her ·news from that qua1·ter; but 
consider ourselves safe in presuming that all thoughts of doing a profitable business in 
the vicinity ha;ve been abandoned. Probably over five dollars were expended there for 
every dollar's worth of ore taken out. 

"'l'he Little Kickapoo diggings were visited by Dr. Kimball in the spring of 1860, 
and from his notes I learn that they are occas:onally worked by one person, but with i1o 
favol'able results. A great number of shafts have been sunk for the purpose of pl'ovin~ 
the gwuncl, some of them to the depth of forty or fift.y feet, and, as there is no trouble 
from W<ttc:r, there is no difficulty in the way of following down the ore, if there were 
any to follow. There are fissures in the rock without a uniform direction, which lca,d 
down to a sort of opening, in which the ore is found disseminated in large masses of 
flint. The material of the opening is ferrng-inous, and sometimes soft, the whole ap­
pearance resembling that of the openings in the Galemt limes~.one. The quantity of 
ore, however, which is found here, is too small to repay the labor required to get it out; 
·only about 20,000 pounds have been taken out, in ten years that the locality has been 
worked over -or about $60 worth a year. It appears, also, from descriptions given me 
by mtelligent miners who had worked at these diggings, that the opening-like chamc­
t'.!r of the rock only extended for a sho~·t distance into the blufl', and that, on following 
the deposits beyond the point to which atmospheric agencies have had an opportu~ity 
of reaching, the stra,ta became hm·d beyond all hope of profitable working. There, can 
be no doubt that the locality in question is not one wluch can be adduced in favor of 
profitable mining in the Lower Magnesin,n. 

"Mvre recent.ly, the occurrence· of lead ore in this rock, near Franklin, has been made 
the subject of much comment, and given rise to unbounded hopes of profitable deep 
mining. Thes~ diggings, which are known as Ohlerking's or Moosan's old digging.:~, 
are situated about two miles southwest of Franklin, on a branch of Blue river, the 
valley is narrow and inclosed by bluffs, which rise with a steep but gra,saed slope tn the 
height of 200 to 2.)0 feet, of which the' lower seventy belong to the Lower Magnesian, 
and the ,next eighty to the Upper sandstone, which is overlaid by seventy to eighty feet 
of Blue, with thin outliers of the Galena limestone on the summit. Dr. Percivitl says 
that three succ~ssive openings here oecur; one eight to ten feet below the sandstone, 
another just above the harder middle bed, .and the third below the bottom of the 
ravine, in that bed, and at the depth of about seventy feet in the Lower Magnesian. 
Ht) further adds; ' The openings appeared partly narrow and vertical, partly wide 
and flat, with appearances of decomposition and &tain in the rock, deposits of clay and 
ocher, and arrangement of the mineral, similar to those in the Upper Magnesian (Ga­
lena limestone). The mineral in these openings generally appeared in more or less de­
tached masses (chunk mineml), often very la.rge, weighing more than 100 pounds, tt 

few even more than 500 pounds. After examining this locaJity, T could not doubt that 
the Lower Magnesian is a good mineral bearing rock.' 

"On visiting this locc:tlity in 1859, I found only one person at work there, from whom 
a very dismal account of the prospect of mining in the Lower Magnesian was obbined. 
He had sunk a shaft twenty-five feet rleep, from which he had raised about ten pounds 
of ore; but I wa~ unable to detect any sign of crevice or opening, in the excavation; 
and as no other was accessible, .mY impressions were necessarily very unfavorable in re­
gard to the prospects of mining in this formation, especially after listeniug to the vehe­
lUent objurgations of this solitary miner against his own stupidity in continuing to 
'prospect' in so barren a rock. According to this individual, the ore obtained here 
was ttll taken out 'in the grafls roots'- i. e., close to the surface- and no crevice had 
ever been found leading clown to anything workable, a statement whi~h agrees. with all 

· I hcwe myself observed in the Lower Magnesian. 
"On the whole, i"t will be 3afe to say that no profftable mining h~ ever been carried 
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on in this rock, and that it is entirely wanting in well developed . crevices, or openings 
promising enough to justify expenditure in proving them. Of course, it is not impossi­
ble that some locality may hereafter be discovered which shall be worked for a time 
with profit; but that the Lower Magnesian can be called, on the whol~, a 'good metal­
liferous rock,' is what we are not, in view of the above facts, disposed to admit. 

~fr. J. Murrish in his ·report on the lead regions for 1871 makes 
the following observations :1 

" I have visited several places to the north of the lead district, where the lower mag­
nesian becomes the surface rock, and where lead ore in small quantities has been found . 
.!t Orion, in Richland county, where a small range of fissures cro:.ses the nort~· and 
south axis near the fourth principal meridian, very fine speci!nens of lead ore are 
found. At Rio, also, in Columbia county, on the eastern extension of th·) Barabo.) 
range of hills, very good specimens of lead ore are 'found in the lower portion of the 
lower .ma ~nesian limestone, which for quality and form of crysbllization are equal to 
anything we find in the lead district proper. 

It is .true these deposits in the lower magnesian, out of the lead district, do not com­
pare with the very heavy deposits of ore in the upper magnesian in the lead district, 
and it _would be unjust to draw a comparison between them, from the fact that the 
same evidences of the· action of physical forces from beneath are not found. Yet 
when compared with similar plR-ces in t.he upper magnesian out of the lead districts, 
under similar conditions, the lead bearing qualities of the lower magnesian are equally 
apparent." 

On pages 72 to 78 of the present volume Mr. Strong has reviewed, 
more fully than any previous obset·ver, the facts at present ascertain. 
able in relation to the occurrence of lead in the Lower Magnesian 
limestone of the region lying immediately north of what is recog­
-nized as the lead distl'ict proper, and to this the reader is referred. On 
pages 66-72, he has described the copp,er deposits of the. same region, 
which should be studied in con~ection with the lead, since they belong 
to the same class of deposits, and occnr in essentially similar situa­
tions. Since :Mr. Strong examined the region, Mr. Ohlerkiug, of 
Highland, has-renewed, upon a more systematic basis, mining opera-

. tions at the well known locality, near Ilighland, with the purpose of 
dm·eloping the real value of that much discussed deposit. In my 
annual report for 1877, I gave the result of observations made during 
that year, as follows: 

" Mining operations having been recently prosecuted in the Lower Magnesian lime­
stone, near Highland, by Mr. Ohlerking, an examination of the locality was made by 
the writer in September, and subsequently the drifts were carefully surveyed by Mr. 
Wilson, who located them upon the surface of the ground, and made a topographical 
survey of the vicinity. 

The mine is located on the slope of a ridge, the summit. of which is formed by the. 
Trenton and Galena limestones, the steep slope by the St. Peters sandstone, and the 
base by the Lower Magnesian limestone. The shaft penetrates 45 feet of the sandstone, 
and about an equal depth of the Lower Magnesian limestone . 

. 1 p. 42. 
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From near the base of this shaft! a drift has bJen extended along an opening in a 
somewhat irregular course, as follows: in a direction N. 1° E., a. distance of 8ft. 8 
in.; thence N. 45?io E. 17 ft.; thence N. 82%o E:, 31 ft. 8 in.; thence N. 67%o· 
E., 14 ft. 8 in., where it divides, one portion cqntinuing on in a course N. 80o 
E., for 16 feet 6 in., where the working terminated at the time of our visit. The 
other portion extends N. 28o K, for 15ft. 4 in., where it terminates. 

A branch drift commences at 30 feet from the shaft and extends N. 50° E., for 15 
feet 4 inches, when it turns toN. 13%o W., and continues 14 feet 8 inches, when it 
clutnges again toN. 16° E., for a distance of 16 feet, the limit to which it had been 
worked. An older drift h~ts a direction, through about 90 feet of its course, of N. 16° E., 
connecting at its southern end with one extending 30 feet in a-direction N .. 63Yzn W. 
The entire extent of the drifts was about 280 feet. The opening was larw~ly filled with 
clay and decomposing rock, and contained considerable quantities of the reddish, slightly 
cohesive snb~tn.nce, known am9ng miners in some localities as 'joint clay.' The wall 
rock is not well defined, the clay ancl decomposing material apparently graduating into 
the modified strata.. At the extremity of one of the drifts, there was an irregular space . 
between the unmined clay and the arching roof of the opening, aQd I was informed 
that this was a common fact. That which is regarded as the cap rock, consists of a 
layer of silicious dolomite about one foot in thickness, over which lies a stratum of 
greenish blue clay shale of somewhat irregular thickness, averaging perhaps six inches. 

The openings prob:tbly had their origin in fissures around which the rock has decom· 
posed, giving rise to the present clay filling. The lead ore was mostly taken from 
within the clay, being neither at the bottom nor top. I extracted a. piece, however, that 
was firmly imbedded between two undisturbed layers of rock. The ore seen was chiefly 
in large cubes, considerably worn or corroded on the surface, and often coated with the 
carbon~te. of lea.d." 

Subsequently Mr. Ohlerking sunk to the depth of 175 feet developing some 
further openings not well defined containing small quantities of large " chunk 
mineral." From the bottom of the shaft, a boring with a common drill, was extended 
downwards to a depth of 84 feet where the Potsdam sa::dstone was reached. Mr. 
Ohlerking iR of the opinion, judging from the pulverized drillings, that oxide of man­
ganese occurs in considerable quantity at about 35 feet from the bottom of the shaft, 
to a depth of about 12 or 14 feet. The first 35 feet of the boring seemed to 'pass 
through a mass of limestone and flint irregularly mingled. Below this, down to the 
Potsdam, the formation seems to be limestone in regular layers from one to two feet 
in thickness. The entire amount of ore produced up to 1880 is given at 10,000 pounds. 

The foregoing constitute all the reliable data .. within my command 
relating to observed occurrences in the Lower Magnesian limestone, 
not only within the recognized lead district i~self, but in the adjacent 
region on the north, which, from .its. more than usual metalliferous 
character, I embt·ace in the general ore region of southwestern Wis­
consin. 

It will b.e ohserved that these quotations include observations rang­
ing over about a score of years, and that the observations were made 
by investigators who, if biased at all by theoretical considerations, 
were, in part, predisposed to a favorable interpretation, and in part to 
an adverse one, so that the evidence now presented is not open to the 
charge of being e~ parte testimony. My own conclusions are re­
served to the general discussion of theoretical inductions. 
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On pages 69-72 of this volume, lVIr. Strong describes the copper de- . 
posits of this formation found in the metalliferous area immediatel.r. 
n\)rth of the lead region, from which it appearti that this ore, though 
not attaining, so far as past developments have demonstmted, in­
dustrial importance, yet has a development altogether exceptional in 
the formation in which it is situated; for, although the Lower Mag­
nesian limestone is fully developed and extensively exposed both to 
the westward and northwestward, eastward and northeastwm·d from 
this region, it does not there present any noticeable traces of cnprifer.: 
ous ores. These localized deposits, theref~re, fall in the same category 
\Vith the ores that.have :formed the main subjects of our present dis­
etission, and it is evident that this area is 'to be added to the het·eto­
fore recognized lead region, as forming one general mineral district. 
The force of this conclusion becomes more especially evident when we 
consider the fact that copper occurs at seveml localities in the heart 
of the lead region and that, at Mineral Point, in particular, it develops 
mines of economic. impoetance . 

.M etallio Deposits 'ln the Potsdam) Sandstone. 

'Vhile the Potsdam sandstone is exposed within the recognized area 
of the lead region, it is nowhere open to direct inspection immedi­
ately beneath any of the productive areas. 'Vhat, therefore, may be 
its natut·e in such sitnatione is purely a matter of hypothesis. In the 
.metalliferous area lying not·th of this region, regarded as a part of the 
district, when conside1·ed in its totality, this formation develops locally 
nnnsnal metalliferous chamcter.. Mt·. St1·ong, on pages 40-56 of this 
repo1·t, desct·ibes no less than twenty-two localities whet·ein notewotthy 
deposits of iron occur. To these a few others, lying without the dis­
trict falling under his inspection, or that have been develop~d since 
his examination, may be added. The occurrence of a smctll quantity 
of iron, a metal of almost univeraal'distribntion, would not be thought 
worthy of special consideration, were it not comparatively absent in 
the wide rana-e of the formation oil eithet· hand. In so barren a for· 

0 

mation, the occm·rence of suffi~ient quantities of iron ore to attt·act at-
tention on account of economic impot·tance is a phenomenon entit·ely 
worthy or consideration .. A number of these deposits have been ex­
ploited and, to a limited extent, mined, but altogether the most notable· 
is that of Ironton, Sank county, which has snpplied a furnace with an 
excelle~1t quality of ore for the last twenty yea1·s, without having de., 
tet·mined, or given any reliable indication of its full extent. Since 
this deposit is the most pronounced ·of its class, and has been the snb­
iect of some diversity of opinion, and is, withal, an exceedingly 
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peculiar and interesting formation, it may properly hero be made the 
S\tbject of description, so far as its peculi~rities relate to the general 
subject of our discnssion. 

The exposed portion of the deposit lies from one to two hundred 
feet below the upper face of the Potsdam sandstone. It is situated 
within a belt of rock from ten to thirty rods in width having a north­
easterly-southwestedy strike; which -is indurated to such an extent as 
to be readily distinguishable from the adjacent friable sandstone. 
This induration does not reach a deg-ree that would ordin~l'ily be 
called metamorphic, though it is unq ~estionably a ~tep in that direc­
tion. It has been so far compacted that its ol'iginal regular cleavage 
into slabs has been lal'gely replaced by an irregular fracture, .render­
ing it diflicnlt to shape it conveniently into dimension stone. Its 
natural outlying ,blocks assume the form of pyt·amidal masses quite 
notably distinguishable from the rectagular blocks derived from the 
adjacent unmodified san~stone. These pyramidal blocks further show 
their modified character by their successful resistance of weathering, 
while the nnmoditled masses on either hand pt·esent the worn and 
eaten surface common to the exposed outliers of the formation. 
Along the line of this belt at·e a few springs of really magnificent 
proportions. The ore, as developed within the 1nine, is intimately inter­
mi~ed with la1·ge angular blocks of indurated sandstone. But the 
manner of this association is peculiar and at first inspection not readily 
explicable. The prevalent professional judgment seems to have been 
that it is an aqueous accumulation which f01·'tned on the flank and base 
of a precipitous sandstone hill, from the upper portion of which 
bowlders, loosened from time to time, fell upon the acc~11nulat~ng 
depos.it and became imbedded in the forming .ore. A fatal objection to 
this hypothesis is the almost total absence of earth, sand, soil and organic 
debris, that would inevitably have become mingled w·ith the forma­
tion under such circnmstances. Furthermore, critical inspection of 
the sandstone ulocks and theit• precise relations to the OI'C, renders this 
hypothesis unsatisfactory. The only rational concepti on of its forma­
tion which I have been able to ft·ame is that the ore accumulate~ by 
aqueous deposition among the fractured blocks, while they still' occu­
pied a subterranean position within the indurated be~t, whi<;h I con­
ceive to be a line of local breakage, analogous to the fissures of the 
iead region. Cavernous spaces are thought to have been developed 
between the fractured blocks on the relaxation of the pressure wh~ch 
caused the original fissuring, and ferr~uginous solutions deposited the . 
ore in these cavernous inters paces. During its accnm nlation, slight 
movements of the form~ttion are supposed to have caused fractured 
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blocks to fall from above into the accumulating deposit, so that ·cer- .· 
tai.n of them are completely enveloped within -the ore. . 

That the ore was a deposit frot'n solution is entirely beyond ques­
tion, since it is not only hydrous in character, though not larg~ly 
limonite, but ta.ke3 charactet·istic botryoidal fol'tns, pipe-like accre-. 
tions, with hollow interiors, mammalary ""'embossments, with radiate 
interior strnctnre, and stalagmitic and stalactitic forms, displaying in 
the most marked man net· theit· · aqneons ortgtn. That the solutions 
were descending i~ conspicuously evident from the pendent forms of 
the accretions. 

The other iron ore deposits of the region have not sufficiently fal­
len under my personal observation to enable me to determine whether 
they m·e attended by similar associated phenomena, except that on 
IIagerman Ifill, a mile and a half southeast of La Valle, a similar 
ore of aqueous dep:)sition occurs associated with indurated and brec­
ciated rock. The sandstone of this latter locality is also impregnated 
with malachite and chalcopyrite, doubtless the original form of the 
whole. 

Mr. Strong also notes 1 a sina1l horizontal sheet of copper pyrites 
about an inch thick, somewhat mixed with iron, in the bank of the 
Wisconsin river, in the S. E. i Sec. 35 T. 9, R. 1 E . 

. T/~;e Probable Character if Rock below the Potsdam Sandstone. 
Unfortunately for our information, no artesian well has yet been 

sunk within the hitherto recognized lead di:-trict to the crystalline 
rock beneath the Potsdam sandstone. But within the extended met­
alliferous area to the north, a well was sunk at Oil City which reached 
and slightly penetrated granite. The artesian well at La Crosse, some­
what fm·ther to the northwest, likewise penetrated gt·anite. The 
Tomah well, immediately to the north, reaches chloritic and micaceous 
rock. It would appear, therefore, in a very high degree probable that 
that region is underlain by the granitic and gneissoid rocks of the 
Archrean series, presumably the Laurentian. Immediately on the 
northeast bo1·der of the area there stand forth the Huronian quartzite 
ranges of Baraboo: It is not improbable that the formation of 
which these are an obtruded portion underlie's a portion, or all, of 
the lead 'region ·proper. 

Both these series are metamorphic sediments w~1ich were indurated, 
thoroughly cooled and extensively eroded before the deposition of the 
Potsdam sandstone, and immensely before the formation of the strata in 
which the m~in p01·tion of the known lead and zinc ores are found. 

1 Page 56 of this volumne. 
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There is no evidence whatever of any igneous eruptions within the 
~vhole region, and from the nature.of the formationS· overlying it is 
highly improbable that any exist, or, if they do~ the strong presump­
tion is, that they belong to the Archrean ages, and were thoroughly 
cooled and solidified before the accumulation of the Potsdam sand: 
stone. 

These gt·anitic and quartzitic rocks that probably form the floor on 
which the sandstones and limestones of the lead region were imposed . 
do not, in themselves, offer any strong presumption that they are rich 
in lead, zinc or copper ores. While they might be the source of therll?al 
springs and metalliferous solutions, there is :q.othing in the nature 'o£ 
the .formations to render it inherently probable that they really are.' 
And before any hypothesis involving the conjecture that they are such 
a sonrce can attain the sanction of probability, independent reasons 
for such a belief must be rendered. It is not sufficient to appeal to 
the existence of such rocks as affording presumption that they are the 

source of the metalliferous deposits, since the.ir known character fails 
to justify it. 



CHAPTER II. 

THEORETICAL DEDUCTIONS. 

The characteristic facts relating to the associated lead, zinc, iron 
and copper deposits of southwestern Wisco"nsin, having been now de­
scribed, it remains to consider what theoretical views can be held coY~-. 
sistently with the facts, what explanations can be offered for . the 
special phenomena presented, and what practical inferences may be 
drawn. 

While there may not be, at the present time, any marked disposition 
among competent geologists to differ widely as to the origin of these 
ores, a somewhat greater diversity of views was entertained by earlier 
investigators; and, among parties financially interested in these resour­
ces, a still wider range of belief yet prevails. It is felt to be obligatory, 
therefore, to briefly consider such views as are rejected, and assign 
reasons for so doing. 

I. REJECTED HYPOTHESES. 

1. 11 ypothesis. qj sublimat~~on. According to this theory the ores 
in q nestion were deposited by heated vapors rising ft·otn below. Its 

·advocates. appeal to the fact that galena i~ sometimes found in the 
crevices of smelting furnaces and similar situations, where, .it .is 
claimed, with undoubted correctness, that it muS't have been formed 

from the penetration or gases; and to the wider range of facts ob­
served in connection with volcanic vapors and steam vents. That ,ores 
are formed, in certain situations, from vapors is admitted as scat;cely 
debatable in the present state of knowledge. But the vital qnesti~u 
i$, whether those under consideration were so formed- whether the 
whole assemblage of facts now before us, will sanction such a view. 
It is essential to an affirmative answer to s'uppose (1.) that the whole 
group of mingled ores were vaporized, .(2.) that this was done to 
some considerable extent simultaneously, (3.) that these hot vapors 
arose through all the strata lying between their pre~ent situa,ion and 
their source in rocks heated to the temperature necessary to volatiliza­
tion, (4.) that they were then condensed in the manifold forms and 
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phases of deposition now presented, and (5_.) that the deposition was, 
in some measure at least, simultaneous. 

The volatilization of the whole group of minerals presents great 
difficulties. The galena, to which attention is too apt to be confined, 
may he vaporized, without decomposition- at least, can be volatilized 
and recondensed as galena- and the same may seemingly be accom­
plished in the cases of pyrite and blende, hut ·not of calcite. It is a 
familiar fact that, at a very moderate temperature, calcite (=limestone) 
decomposes to caustic quicklime and that, then, not even the oxy­
hydrogen blow-pipe is able to fuse, much less volatilize, it in appre­
ciable q nantity, and to this property it. owes its utility in the calcium 
light. ·To suppose that calcite is a product of sublimation is to se­
verely tax credulity without the sanction of the slightest evidence. 
'To the uninstructed objection that calcite is not an ore, it may man­
ifestly be replied that it is as truly a metallic carbonate as smithso­
nite~ and that it is only this immeasurable resistance to the decoinpos­
ing effects of heat, that prevents its more frequent" reduction to the 
metallic 'state, and possible use as a metal for certain purposes. 

The relations of the ores in the lode. are such as to req nire their 
deposition at the same time, in many cases, 1 and they must, therefore, 
have b~en supplied simultaneously and maintained in coexistence, 
till deposited. 

This is a very hard thing to believe, since there are such wide dif­
ferences bet\veen their temperatures of vaporization and condensation. 

It is easy enough to form a vague, general conception of the va­
porizatioU: of metallic substances by the mysterious power of the un­
known interior of the earth, but to form a precise, detailed view of 
just how galena, blende, pyrite, and calcite, or the elements irom 
which they we1·e formed, volatilized simultaneously in the face of the 
fact that their temperatures of volatilization are immensely separated, 
presents I-Ierculean diffienlties, bnt these are dwarfed to Lilliputian di­
mensions in comparison with those encoJmtered ip attempting to 
imagine precisely how these several substances could have been con­
densed so as-to form, within the space of a hand specimen, a group of 
regular, large-faced crystals that grew np together. A temperature 
that would admit of the deposition of one would be quite incompati­
ble with the formation of another. Let any theorist who fails to ap­
preciate this make the attempt to volatilize together all the ingredi­
ents of a specimen from the Linden or Marsden .mine, containing the 
four named minerals formed with interlocking crystals, remembering 

1 Ante. 
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that the tempei·attire of volatilization and condensation are the same.' 
l-Ie will, of course, find some ingredients easily sublimed, while others 
will transcend his utmost powers. Nor will the force of this. objec­
tion be escaped by supposing the minerals to be f~rmed by gaseous· 
c01nbination, for the temperatures of combination and disassociation 
are likewise widely diverse. 

If it is imagined that the aid of steam will remove these difficul­
ties, we may, without attempting to prove the negative of assumed 
possibilities, whose nature is, for the most part, unlmown, pass to 
other conditions of the problem that must be satisfied. These su~--­
posed vapors must have arisen through the underlying strata, and· 
maintained themselves against all adverse conditions of the passage. 
Now, in· the first place, neither observation nor a judicial considera­
tion of the nature of the cas.e, warrant the belief that .. tbe nearly four 
thousand c1~evices of the lead region, or ~ny smaller number into 
which they may be supposed to unite, extend as open· passages down· 
through the one thousand to fifteen. hundred feet of limestone, sand-· 
stone and soft shales, and onward into the Archrean rocks. to some 
suppo~ed heated source of gaseous emanation. Abundant observation 
shows that the cr~vices close up, and the yielding nature of some of· 
the rocks makes it quite sure that this must be the case even beyond 
the reach of observation. Furthermore, hydrostatic evidence has a 
grave at·gument to interpose. Artesian wells demand, among their 
essential cvnrlitions, an impervious stratum lying above the water­
bearing one. Artesian flows are derived from the Potsdam sandstone 
on both sides of the lead region, and even within the general metallif-· 
erous area, and this is essentially a demonstration that the stmta 
overlying the ;sandstone are intact. If open fissures extended from 
the lead deposits down to the At·chrean rocks, it would altogether 
change the hydrostatic conditions of the region.. We are, therefore, 
forced to the conclusion that such fissures do not exist. 

But waiving this point .and granting open fissures of . indefinite 
depth, very grave difficulties arise from the water-bearing character of 
the formations. 

In impervious strata the hypothesis of a.:fissure of ·indefinite depth, 
unfilled with water, may perhaps be tenable, though I fear the prob-· 
lem has not received due attention by the advocates of the sublimation. 
theory, even under such circumstances. But to suppose a fissure to 
traverse a thousand f~et of extremely porous sandstone, saturated with 
water, and still 'be an open passage way for heated gases or· steam is a 
supposition whose extreme improbability seems not to have been duly 
weighed. The Potsdam sandstone is preeminently water-bearing, as 
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amply demonstrated by the copious artesian fountains derived from it. 
Some conception of the amount of water likely to be encountered may 
.be formed from the fact that from a little circular opeping five and five­
eights inches in diameter, at Prairie du Chien, on the very border of 
the district, indeed within the more comprehensive ore· area, 869,916 
gallons are discharged daily, and some conception of the amount of 
heat necessary to change this into steam, i. e., to keep this little ori­
fice open for the passage of vapors may be obtained by a little com­
putation, which would show that, if all the lead ever taken from the 
whole region were mel~ing hot, it would not contain heat enough to . 

· -mainta:ir(~~ ''opem l)~ss'age for three days. But this little orifice is but 
·a fraction .of an average crevice in capacity, and there are nearly four 
thousand ct·evices in the region. The expenditure of heat, therefore, 
necessary to maintain open crevices is emphatically enormous. In the 
very nature of the case it is incredible that open :fissures, such as are 
.a necessat·y condition of. the sublimation theory, in any of its forms, 

could have been maintained under tl1ese conditions. 
But, if this be not convincing, there is a snpreme difficulty in the 

·demonstrable evidence that no such heat as this theory snpposes has 
ever been brought to bear upon the rock in which the ores are depos~ 
ited. The lower Galena nnd Trenton beds contain, as already repeat­
edly stated, notable quantities of carbonaceous ·matter, a portion of 
which is volatile and would be driven oft' by a very moderate. heat . 

. The fact that it remains is proof that the beds have never been heated, 
and, as the ores are intimately mingled with this volatile matter, there 

. is no appeal or escape from the force of this fatal circumstance. 
This, of course, as wellasthepreceding,iseqnallyfataltoanytheory 

of igneous injection, but, as I am not aware that this is seriously enter­
tained by any one, and as it is thoroughly inconsistent with the nature 

. of the deposits, it has not seemed worthy of discussion. 
Theory nf T!wnnal 1Vctters . . This hypothesis has two aspects~ In 

the one, the ores are thought to have been brought up through fis­
sures from metamorphic or igneous rocks below the Potsdam sand­
stone by hot water, and deposited where they now are. In the o·ther, 
thermal springs are supposed to have issued from the bed of the ocean, 
at the time the sediments of the metalliferous beds were ·being de­
posited and· the metallic snbstances, thus injected into the ocean, were 
soon thrown down, by cooling and chemical reaction and mingled with 
the rock-forming sediment, to be subsequently segregated in the 
crevices and other convenient receptacles. ·The former is the accepted 

·phase with most who advocate thermal agencies. 
But we here m!3et ·with the main objections raised against the 
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vaporous theory; first, the absence of open continuous fissures from 
the Galena limestone down into the Archman rocks. It will be ap· 
parent upon a little consideration· that a simple senm will not ans\ver·. 
If warm waters are to ·rise a thousand feet through beds of sandstone,· 
traversed by such floods of water as fill the Potsdam, they cannot ooze 
slowly through it, but must have free passage, as well as inherent 
force enough to occupy and maintain their channel. But, as pred·­
ously remarked, the hydi'Ostatic conditions forbid belief in any such 
open passages. Bnt, if they existed, they would certainly be occnpied 
by the waters traversing the Potsdam sandstone, for they are both 
1nore abundant and under stronger pressure than any known or pre­
sumable waters from below, and, so far as geologic::t.l evidence goes, 
mnst always ha,re been so sjnce the forrnation of the fissures. Indeed' 
the belief in springs rising from the metamorphic rocks below has 
evidently been entertained in this instance without considering the 
hydrostatic conditions of the problem at alL Such springs will not 
rise \\'ithont a water supply and a· fountain head, nor without a passage­
way down to the supposed heated and metallifet·ous region, nor with­
out an adeqnate and unobstructed channel npwat·ds and an exit at a 
point lower than the fountain head. · Simple infiltration and reflec­
tion, on the principle of convection, are not adequate to the condi­
tions of the problem, however sufficient they may be elsewhere. 

To a~sume that such conditions are, or have been, presented in the 
lead region is to ignore the facts. and principles of hydrology as ap~ 

plied to the subterranean water currents of our region, which have 
been a special snbject of study, and our conclusions submitted to 
severe an·d repeated tests, through the demand for prognostic opinions 
in regard to artesian wells. Theoretical considerations and practical 
tests combine to show that the Archman rocks are, in a very low de­

gt·ee, water·-bearing and that theit· stratification and system of frac· 
tnring is such as to render it in the highest degree improbable that· 
water entering from the Archman region of northern Wisconsin 
should have free pas3age to and exit beneath the lead region in any 
qna~tity competent to cope with the immensely greater volume that 
traverses the Potsdam. 

I estimate roundly· that a trillion and a· half of gallons of water fall 
annually upon the collecting area tribntary to that portion of the 
Potsdam sandstone that undedies the lead· region, and both collectin()' 

~ 

area and rainfall were probably greater, rather than less, in the past. 
Making the most generous allowances· for evaporation and surface 

drainage, compatible with the porous, absorbent natqre of the sur­
face, there is still left an enormous quantity of water pressing for. en-
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trance and passage-way through the sandstone, ·a considerable portion 
of which does, and a considerably larger· portion of which would, pass 
througl~, if the s·andstone were only extensively fract'nred in some lower 
region to gh:e it exit, as this hypothesis assumes, necessarily, was the 
case in the lead region-an assumption in itself not free fr~m difficulties. 

I hase been able to frame hut two hypotheses by which the force of 
this objection to the thevry of thermal waters can be escaped and 
they are both ext1·emely improbable. For the first, if we could as­
sume that, while the sandstone was extensively fractured so as to per­
mit passage for the hot watera from the deeper regions, the surround­
ing sandstone was rendered impervious, then the incursion of the 
cold waters from the formation might. be sliut o'ut. Now there is 
some slight evidence, dra\vn from the region north of the Wisconsin 
river, that the sandstone was soniewhat indurated along the crevice 
belts, due, as I snppose, to the force exercised in their production, bnt 
the1·e is no evidence that it was sufficient in deg1·ee to render the coarse 
lowei· Potsdam beds impervious, while, on the other hand, the evidence 
of indnration is accoinpanied by coextensive evidence of intl'icate 
fractuPing, so that the belt becomes a d1,a.in.age zone, instead of. an 
impervions barrier. This hypothesis is therefore quite··nntenable. 

Or, if, again, we could suppose that a mass of igneous rod{ were 
thrust into the lower part of the Potsdam sandstone, beneath the lead 
region, it might heat the whole body of water in the surrounding 
strata, and thus ·give rise to warm springs; if. the formations ab0\7e 
were open for the ascent of the· heated waters. Bnt the artesian wells 
within or immediately adjacent to the metalliferous area entirely tra­
ver.se, or deeply penetrate, the formation. and yield no evidence of 
such intrnsion, and all geological data are either m'1tagonistic to it or, 
at best, uegative. So that this suggestion is but a mere hypothesis 
without evidence, framed to meet a difficulty and therefore without 
inherent weight. 

Bnt, at the best, neither of these hypotheses more than makes it pos­
sible for thermal cnl'l'ents to exist under the adverse conditions im­
posed by the strata. They do not meet other objections to the general 
th~ory. Among these may be noted the fact that neither the form. 
nor the contents of the lode accords well with the theory. If 
the thonghtfni reader will call to mind the details of the deposits pre­
viously described, it will,.I think, seem at least very strange (1) that 
the ores should be deposited in such a variety and pec.u.liarity of 
forms, not common to acknowledged thermal deposits; (2) that they 
should be localized in openings, flats, side fissures, pockets, etc., i·n­
stead of lining the main passage way of the depositing waters; (3) that 
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the lead ore should be so strangely separated from the remainder in 
the upper beds; (4) that quartz, so widely prevalent in h0t springs, 
should be absent; (5) that calcite should be no more corilrpon and 

. should be rare in the upper beds, where it ought, seemingly~ to be 
most freely deposited; in short, that the whole of- the special phe­
nomena of deposition should be so far at vai-iance with thermo­
aqueous lodes in generaL 

The existence of volatile hydro-carbonaceous matter in the lower 
beds, while not so fatal an objection as in the case of the sublimation 

! theory, because the teuiperature of the waters is not necessarily-· so 
high, yet renders it highly improbable that these beds have been tra v­
ersed ·by currents of water of' even fnoderate warmth; for any cori­
siderable period of time. 

The combined force of the preceding considerations is such as to 
render this phase.of the thermo-aqueous theory wholly untenable. 

Turning to that form of the theory that assumes that mineralized 
thermal springa issued in the bottom of the Silurian ocean, impreg­
nating the accumulating rock-sediment with metallic precipitates, 
which were afterwards leached out and concentrated in the· crevices, 
I may be pardoned for remarking that if, before the commencement of 
the present iJ?vestigation, I was in. any slight measure predisposed 
toward any theory, as such, it was this one, not from any evidence in­
dicating that any snch springs existed, but from the simple fact that 
it alone among hypotheses, then within my cogni~ance, seemed to 
offer a ready explanation of the salient features of the deposits, es­
pecially the two great facts (1) that the very nature· pf the deposits 
points to their seg1·egation from the surrounding rocks, and (2) the local­
ization of the deposits, pointing as clearly to the fact that certain 
areas were impregnated while adjoining, as well as rem.ote, reaches 
of the formation, were left barren. If springs issued at several points-

. suppose one or more within each district- this localization would be 
readily explained. Yet it is but small merit in a theory to explain 
that for th_e explanation of which it was expressly framed. Before it 
can command any just confidence it must present evidence that the 
facts and processes it assumes were historical realities. When submit­
ted· to this criterion this theory is found fatally weak. There ap­
pears no trustworthy evidence at all of such springs, nor any circum· 
stances that make their existence probable, but, on the other hand, 
much that renders it extremely improbable. However much we may 
be drawn to.ward the theory, because of the accommodating way in 
which it disposes of a serious difficulty, it must be set aside for want 
of inherent evidence of its t1·uth. 
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We have seen .that the.re are grave, if. not fatal, objections to the 
precedil1g theories of the derivation 'of the ores from beneath. It is 
scarcely necessary to observe that there are no sufficient reasons .fo~ 
presuming that the metalliferous deposits were derived from forma­
tions lying above the strata in which we now find them. The im-· 
mediately overlying formation is the Hudson river shales, a stratum 
of soft clayey rock, perhaps 200 feet in average thickness, which, from 
its nature, is a very forbidding ~onrce from which metalliferous soln­
~ions could be derived, since it is highly impervious; and, aside from 
the presence of occasional pyrites, gives little indication of a rnetaJ­
liferous character. Overlying this, the Niagara limestone presents no 
indication of meta1lic richness, and, if it did, the interposod impervi­
ous shales would present a barrier to the transference of metalliferous • 
substanee to the Ga!en.a limestone below. · 'Ve are, therefore, practic­
ally shut np to the conclusion that the ores now found in the crevices· 
and open.ings have be.en Clerived from the. Galena and Trenton lime-· 
stones themselves, that is, ft·om the rock embracing the lode. But 
the ulterior question arises, Whence did this rock derive its metallifer­
ous substance~ :The only rational answer appears to be that it 'was 
deposited contemporaneously with the sediments that formed the rock 
itself, or, in other terms, that it.was derived from the Silurian ocean. 
But, at this point, arises the objection already m·ged in our preface, 
that the ores are not uniformly distributed through the lead-bearing 
limestones, that it is only in c~_rtain circumscribed regions that the· 
formations are highly metalliferous, and that, within these areas, ~rily' 
local sub-distl'icts are productive, between which lie barren intervals. 
Our lead region, in common with those of' Missouri· and elsewhere, 
presents a group of metalliferous districts, standing in marked ·con­
trast to the barren character of the formation as found elsewhere. It 
has already been shOWJl that this cannot• be regarded as an illusive. 
generalization from limited knowledge, but must be· accepted as a 
well demonstrated reality. We have further insisted that there can 
be discerned no such definite and specific relation between the ·gener.al. 
lead regions and an. exceptional abundance ·of organic matter, with· 
corresponding absence elsewhere, as to make any such snppos~d dis:.~ 
tribption of organic matter a sufficient cause in itself of this peculiar .•. 
localization of deposits. · 

We have, further, given reasons for doubting the ·adequacy of any 
expl~nation which supposes that the productive regions have fur~ 

nished exceptional facilities. for segl'egation, and that· their present'· 
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richness is due .si'fJ'?ply to _exceptional concentration and not to any 
special inherent richness. -
. We have further insisted, in our prefa,~e; that the facts of lead de­
position. comprised within our widest knowledge do not sanction the 
belief that the oceanic waters were exceptionally impregnated with 
l~ad and zinc salts at the beginning of geological historj?, and were 
r.obbed of them·. in the eaely geological ages by organic matter, and 
thus escape the supreme difficulty of this hypothesis growing out of 
t~e fact that, although organic matter is exteemely abundant in the' 
rpedieval and later formations, lead and zinc deposits are not widely 
prevalent, tho n gh locally occurring in. rich ness. We in us t, therefore, 
£_rankly face, at ~he oqtset, the gravest objection which has yet been 
urged against the theory of oceanic precipitation, namely, the localiza-
tion of the deposits. · 
, , Preliminary to a definite answer to this problem. of localization, 
there should arise the more· primitive question, Whence did the oce­
anic waters deeive their. meta1liferons salts? According to the accepted 
hypothesis regarding the earth's early history, the oceaniG waters 
originally existed wholly as vapor in the atmosphere, held there by 
the heated condition ·of the earth. With the progress of cooling they 
were gt·adnally deposited on the eurface of the earth. At this stage· 
in their history they were obviously free from metallic substances and 
saline matter, though highly charged with carbonic acid and snch 
other sub3tances as might remain in a vaporous state under the con­
ditions then existent. Oceanic history starts, therefore, with waters 
essentially free from metallic substances. But coming thence down 
·the history of the ages, lead and zinc deposits are found in the Lower 
Magnesian limestone, in t_he Trenton and Galena limestones, in the 
Upper Silurian limestones, in the Devonian beds, in the Subcarbon­
iferons limestone preeminently, in the Triassic and Tertiary strata. 
And £nrtl1ermore, the residual ocean of to-day contains the several 
metal~, in min nte quantities, of course. It appears, therefore, that 
since the origin of the ocean it has both gathered and deposited, and 
that it still retains a residue undeposited. 

In the course of our discussion it has been shown that the ores are 
being wasted, and a portion borne away by drainage and, presumably, 
lost to the strata and carried into the ocean, and, therefore, that the 
ocean is gathering metallic substances at the present time. It has 
been shown by chemical analysis that the sea weed of the present 
ocean contains the metals in question. This~ accumulating in certain 
localities on the bottom of the ocean, is being buried by sediment 
constituting the impregnated material of a slightly metalliferous rock 
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now fonping. Srilphuretted cotilpounds and possibly othet~ agencies 
are doubtless assisting in present precipitation. It, therefore, a'ppears 
morally certain that the ocean is both accumulating ·arid depositing at 
the present time. What it is doing now it, presnmabl,Y, ha~ been 
doing throughout the ages. Its metallic salts were nndonbtedly de­
rived from the universal source of its saline substances,_the leaching 
of the land. They· undoubtedly have been deposited during the past, 
as in the present, by being taken up into the tissues of marine plants 
or animals, or by being thrown down by sulphuretted gases or solu­
tions arising frotn organic decomposition, or by other agencies, whose 
efficiency has been less definitely determined. Each individual metal-:-' 
lie particle, therefore, remains a constituent of the ocean only until 
it meets with a precipitating agent; and the whole history of oceanic 
metalliferous deposition is but an aggregation of the history of indi­
vidual particles. 

If nny portion of the land surface yields moi;"e richly than else-. 

where to the ocean, the waters of that portion will necessarily become 
richer in metallic salts. As such contributions are made, year after 
year, :;tqd century after century, they will presumably follow each 
other in a common course, borne by oceanic currents, and be brought 
within reach of depositing agencies in the same areas, being thrown 
down where first they came in contact with a competent reagent. 
Viewed in this .light, in contradistinction from the idea of an ocean 
throughout which the metalliferous substances are uniformly diffused, 
the fact of localization is a necessary inference, instead of being a 
phenomenal enigma.' 

Our true method. will, therefore, be to search (1) for the sources 
whence the ocean in the early Silurian ages derived its metallifel'Ous 
contents, (2) along what courses the currents bore their metallic burden, 
and (3) where first they yielded to extractive agencies. Manifestly, 
therefore, Silurian geogt·aphy and oceanic currents claim our atten­
tion. The accompanying lithographic map, Plate --, may serve to 
convey a general impression of geographical outlines at the time of 
the formation of our metalliferous strata. To the northward lay the 
Laurentian continent, stretching i~a arms northeastward and north­
westward to unknown limits. On our northwest border, it thrust 
out to the southwestward an extended peninsula, which we may con­
veniently designate Minnesota Point. In what is now northern Wis­
consin and Michigan arose a large island, which we may style Isle 
Wisconsin. Southward fl'Om this there extended a shoal area to the 
limits of our mineral region. Between Isle Wisconsin and Minne­
sota Point there was a shallow strait; if my discriminations arc cor-
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rect. This point, however, may be thought open· to question. From 
a careful consideration of all the data bearing upon the subject, it·. 
seems· most probable "that the Silurian ·seas swept thrOtigh from the 
Lake Superior basin to the main Ii1ferior ocean~ bnt the matter is not 
sufficiently vital to our present discussion to justify entrance upon Its 
full consideration, which would necessarily be somewhat prolix. 
Between Isle Wisconsin and the main tatireri.tian continent on the 
northeast, was a broad chaimel connecting the take Superior b~sin 
with the Interior Sea to the southeast. In the di8tance, in that direc­
tion, lay the Archrnan Appalachian Highlands stretching from the 
bou,nds ·of Alabama northeastward to an· unknown limit. This ap­
pear8, from present data, to have been disconnected from the main 
Laurentian continent by the Laurentian straits occupying the genm·al 
poai~ion of the Champlain and lower St. Lawrence basiri. In respect 
to the disputed geology of New England, I have followed the map­
ping of Prof. C. H. Hitchcock, rather becat1se of its definiteness and 
availability, than from any disposition to indicate a judgment upon· 
the questions in debate. But even if a much larger portion of Nm.v 
England· was submerge~, it would not, in my judgnient, affect the 
general direction of the oceanic currents, though it would modify 
their relative volume. The Adirondacks constituted an island, or 
possi9ly, by a narrow connection with the Laurentian continent, a 
peninsula. On the west of the Interior Sea lay the Cordilleran Archi-" 
pelago, occupying the general position of the 'same series of to-day, 
leavirig .-a broad strait extending indefinitely northward and south­
ward between the Laurentian and Cordilleran lands. In the Missoni'i 
region there w·ere several ·islands which may be conveniently desig­
nated. the Missouri .Archipelago. Sonthw'estward from these, lay 
other islands in the present territory of Arkansas, Indian Territory, 
and rexas.· . 

Thus ·m~lCh rests, in its general features, upon substantial geological· 
e'vidence. Our mapping of ·the oceanic currents of the day is neces-, 
sarily hypothetical. That some direct evidence drawn from the dis­
tribution of organic remains may, in time, be made applicable to the 
problem is not improbable; but th~ collocation of such evidence is a 
task for the future. There is little reason to doubt, however, that the 
fundamental facts. of oceanic· circulation were essentially the same 
then as now, that· there WaS a general system of warm CUl'l~ents flow-· 
ii1g-no1:thward and of returning ·cooler currents seeking the equator 
that the northward flowing currents were diverted eastward, and the 
southwara flowing currents westward by the rotation of the earth. 
The same general facts ·may safely be assumed in relation to the winds. 
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Applying. these general principles to tl~e. I~terior American Sea, we 
deduce that a broad,' strong current entered it fr<;Hn the south, a par~ 
passing on northward, but probably the larger part, flowing. between 
the J\fissouri Archipelago and the Appalachian IIeights, swept north 
eastward along the flank of the Appalachian belt, and, had it been 
unobstnteted, would have pursued a general northeasterly course, an­
alogous to that of the gulf stream of to-day. But the Laurentian 
straits were altogether inadequate to give it ·exit. Although. a por­
tion of it is pt·esumed to have escaped in that direction, the main 
body mnst have· been reflected along the southern shores of the Lau­
rentian continent, and have entered ~he wide mouth of the Lake Su­
perior basin, wher.ce a portion of it would be reflected, because of the 
want of capacity of the western strait, and return on the east side of 
Isle Wisconsin. while another portion is presnm.ed ·to have passed on­
ward through the basin of Lake Snp~rior, and thence southward on 
the west side of Isle Wisconsin and the east of J\iinnesota Point. If 
this stt·ait was not open, the whole would recurve upon itself in Lake 
Superior and flow along the eastern side of Isle Wisconsin. But pre­
suming that it passed westward of the Isle, it wenld, it is ~onjecttHed, 
eneounter a portion of the northward c~rrent that was caught and 
inflected by the projecting Minnesota Point, and \Vonld be forced by 
this current to the eastward along the :flank of Isle Wisconsin and the 
southward-projecting sl~oal, and so be caused to traverse the lead dis­
trict. In that region, it is also conjectured that it· would be joined 
from the east by the current descending frorri IJake Superior on the 
east side of Wisconsin ISland· and would perhaps. be affected bv the 
reflected currents of the Interior Sea; so that a gyratory motion i"s not 
improbable (see plate). This would perhaps give rise to an accumula­
tion of floating sea-weed. analogous to our present Sargasso Seas.1 

1,his la~t suggestion, though very helpful to our views, is not deemed 
at all e~sen tial. 

The 1\!Iissonri-Arkansas archipelago and . the intervening sho~l 

would doubtless,.in a measure, divide. th~ broad current entering from 
the south, the main.portion, as. heretofore stated, passing, to the east­
ward, pursuing the course already traced. The other portion passing 
on the west and resisted by the reflected cnrren~ of the !,nterior Sea, 

'This hypothesis of ·a Sargasso Sea is not original ~ith ·me, but I am unable to .state 
to whom it should be accredited. I derived it independently from a verbal suggestion 
of Prof. R. P. Whit~eld 'to an, as~istant, and from a passing. reference of Prof. R. 
Pumpelly in the article . on Ore Deposits. in Johnson's Cyclopedia. Both, however, 
came to my attention after my general conclusion~ had been arrived at, and the currents 
hypothetically sketched. · · 
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·would be kept ~ore nearly northward, passing by Minneoota iR<i>m.t 
"and, hugging the northwestern arm of the Laurentian continent, flow 
·on to the arctic regions. A portion of it, however, would be liable 
:to be caught and inflected· by Minnesota Point as before mentioned. 
It is not improbable, also, that the Missouri Archipelago \Vould become 
the center of a rotating current, produced partly by its own influence 
as an ob3truction and partly by the reflected currents of the Interior 
'sea, as shown on the plate. Probably a counter current returning · 
from the north would flank the Cordilleras, and if, as our present 
'knowledge seems to indicate, this was rather an archipelago than a 
·continuous belt of land, this arctic current doubtless threaded its way 
_among the constituent islands and occupied the broad straits between 
its ranges, flowing with comparatively feeble current on the eastern 
·flanJ<:. 

Probably the most p~tential agent in determining these currents 
was the winds, which at that time, as now, were -the return trades 
'whose prevalent direction was from the southwest. These would drive 
'into the open southerly mouth of. the Interior sea a much larger quan.tity 
of water than could find ready exit 'through the narrow northeastern 
straits., and this would be made to impringe upon the Laurentian coh­
tineilt nearly at right angles, and, being resisted by the already accum-

. ulat~cl waters on the east, must necessarily be diverted to the not·thwest 
·and enter the Snperior basin whence it would return in the lee of the 
• :Minnesota Point a·nd the Wisconsin Island. The same southwesterly 
,\•inds acting upon the ocean off Minnesota Point would assist in driv­

. ing the_ superficial water northeastward within the point, and also 

. compel the current coming out from lake Superior to hug vVisconsin 
·Island and so assist in producing the currents we have already pre­
. snmed would be produced by th~ general b.ws of thermal oceanic cir­
. culation indeper.1dently of winds. 

Some of the d~tails of this mapping of the ancient-currents of the 
Inte1·iot' Americ'an sea may seem somewhat too l}ypothetical, but the 
general' features ha\·e too firm a foundation in '.veil ascertained law to 

·be open to serious question. While, perhaps, hypotheses diffel'ing 
:from this in some details might be framed ii1 general conformity to the 
1aw~ of oceanic ·circulation, .which would be less evidently harmonious 
·with om: views of deposition, yet it is not apparent to me how any 
consistent hypothesis can be framed that shall be antagonistic to -the 
theory here advanced. 
· Now it is evident that," whatever gain of saline matter the ocean 

makes in_ .the in~erior, itmust derive in the main from the exposed 
land, partly through the decomposition of its gene:r~l surfac~, and partly 
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through ·pe11etration of surface waters ·into the earth's interi01~ whence 
they subsequently come forth in springs more or less mineralized, in. 
short, ft·om the. leaching oi the. land. Observation has shown that the 
ores in question are present, some or all, in the ancient rocks of the 
Appalachian lands, of. the Adirondack Ilighlands, of .the Laurentian 
Continent, of Isle Wisconsin, of the base at least of .Minnesota Point, 
and of the ::M:issouri Archipelago. The waters which canie down from 
the Appalachian Highlands bearing these ores, however infinitesimal 
in quantity, were borne along on the right margin of the adjacei~t 
oceanic cnrre~1ts- as supedicial waters, bein'g fresh-until they 
came into contact with organic matter capable of taking them up in 
its .tissues; or with the products of organic decomposition, as su}.; 
phuretted hydrogen and ammonium.snlphide, when they were chang~d 
to insoluble sulphides and soon settled to the bottom ;·or with other 
less well known extractive. agencies. Now it is. a significant fact. that 
aU along the flank of the Appalachian I-Iighlands there is a scattered 
chain of lead and zinc deposits stretching from Alabama to New 
York. It is also noticeable that at the foot of the Adirondacks there 
are similar deposits stretGhing westward, and that along the base of the 
Laurentian Continent in Canada some similar deposits occur. The 
broad Laurentian land area should contribute a comparatively large ' 
measure of mineral matter to the adjacent sea. The lands bordering 
the 'Lake Superior basin, from their exceptional metalliferous character, 
should yield a contrib.ution of fnore than usual richness.. At the tinie 
of the formation of the Lower· Magnesian limestone a considemble por-. 
tion of the copper-bearing sel'ies was exposed, and it is a note-worthy 
fact that the copper deposits of southwestern Wisconsin lie mostly 
within the Lower Magnesian horizon, and the lower portion of the 
Trenton-Galena group. But toward the close of the formation of the 
Galena limestone, the major part of the copper-bearing series had 
become submerged and the contributions f_rom this formation were·, 
therefore, companttively small, but on the northwest shore of Lake 
Superior vet·y considerable quantities of. blende and galena are found 
in veins in tl~e Archman rocks. 1 From this general north shore area, 
a ·large contribution relatively of lead and zinc salts should arise from 
the disintegrati'on of the veins, or possibly, fi·o"m the issuance, at the 
sut·face, of the waters which supplied the veins.\vith their metallic ma:. 
terial, since it is uncertain at what period of geological history the 
veins of that region were filled. So that the waters in the Lake Su­
·perior basin nnist, \Ve reason, have received an exceptional contribu-

1 Geol. and Nat. His!;; Surv. Qf Mllin .. 1878, pp. 14-21. 
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tion of. metallic substances, although, at any given· tirr1e, it was, of 
course, extremely small. . 

Furthermore, the contemporaneous sedimentary formations of the 
Lake Superior region, so far as any indications of thei_r nature are 
left to us, were ~ot of a character to furnish a ready precipitant of 
the metallic salts thus carried into the ocean. Nor is it probable, 
from the little deposits along the Laurentian continent, that the se~ 
adjacent to it furnished very favorable conditions for the extraction 
of meta1lic salts. And hence there was, presumably, borne along into 
the Lake Superior at·ea a residue to be added to the special contribu­
tim1s of that noted metalliferous region. And hence, the waters pass­
ing outward from the Lake Superior area and flowing over the lead 
region of the upper Missjssippi were exceptionally impregnated with 
metallifel'Ous material. 

This material was doubtless precipitated along the southwestern 
side of vVisconsin Isle in the Galena and Tre.nton limestones of that 
region, as it certaii1ly was in the Lower Magnesian limestone in some 
degree, but the denudation which the strata have suffered has, of 
course, swept them all a\vay. But on reaching the lead region these 
waters encountered ample agents· of precipitation. The rocks 
of the Galena limestone carry abundant evidence of luxuriance of 
seaweed, while in its lower beds· and the Trenton limestone carbon­
aceous· shales, as well as fucoidal impressions, indicate an exceptional 
accumulation. While the Galena limestone, in its present granular 
condition, is comparatively barren of well preserved remains of ani­
mal life, numerous fragments indicate that it may have been abundant, 
notwithstanding the want of preservation. The Trenton limestone, 
howe,·er, is exceptionally prolific in well preserved animal rema:i11s, 
indicating a luxudant fauna. If the suggestion of a gyratot·y current 
in this region is true, then the accumulation of floating organic mat­
ter, probably mostly seaweed, would be a special source from which 
precipitating agents might arise. 

But this organic matter, living or dead, would not be, from the nature 
of the case, and was not, as observation, in part at least, shows, distri­
buted uniformly over th~ region. Reasons have already been assigned 
for the beli2f that the· bottom of the ocean was undulatory, and that 
in certain ar~as there were moderate, though notable, depressions. 
It bas also been shown that, from the nature of the .Galena limestone, 
it is :a necessary inference that it was formed in a comparatively shal­
low sea. It is, therefore, apparent that the undulations of the bottom 
would be important elements in determining the place ~f growth, 
and, more especially, tl~e place qf accumulation of dead products of 
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·Jife. The depressions, we judge, would be mor~ favorabl~ to the life 
and growth of average mariQe species than the more exposed ele­
vations of the sea bottom. But, however that may be, it is altogether 
certain that the movable remains of dead organisms would be mainly 
accumulated in the depressions, and that. all flofl,ting material \vould 
find lodgment there. So that the depressions of the original ocean 
bottom were the areas in which were concentrated the organic matter, 
to whose ageney the removal of metalliferous solutions from. the vcean 
is to be attributed. 

This removal may have taken place in different ways. The seaweed 
of the present ocean, as before remarked, is fonnd to contain with~n 
itself all of the metals in question. Certain marine animals contain 
copper in their circulating fluid. So that a portion of the metallic con­
tents of the waters was m1doubtedly abstracted by the direc~ secretory 
action of life. On the death of all ot;ganisms, decay ensues, and. the 
waters coming into contact with this decomposing matter would be 
robbed of their metallic contents, which would take the form o£ insol­
n ble sulphides. Decay would also give rise to free snlphnretted hydro­
gen aud ammonium sulphide, which would be absorbed into the watm:s 
and diffused through them, or rise in the form of gas, in either case 
precipitating whatever of the metallic ealts in question they came in 
contact.with. ·.Now this precipitate would be in the form of exceed­
ingly fine· particles suspended in the water. Th~se wut1ld gradually 
settle to· the bottom and be incorporated in the· accumulating sedi­
ment, but they would rarely find a resting place elsewhere than in -th~ 
quiet waters of the depressions. So that. we have here an additional 
circumstance which tends to produce concentration of metallic depos­
its in the depressiop.s. 

We have, therefore~·in the circumstances now named what I con­
ceive to be a true explanation of the localization of these metallif~rous 
deposits. The general areas within which the deposits took place were 
due to circumstances of geographical position and geologiqal relation­
ship, which gave rise to special impregnations of the oceanic waters 
with metalliferous salts derived from the leaching qf adjacent lands, 
and to oceanic currents which bore those specially· metallifet~ous 
waters over areas competent to extract them .. The special. localization 
of productive areas within the general metalliferous region is attrib:­
utable to. the condition of the oceanic bed as to .the distribution of 
organic life upon it, and especially the accumulation of dead organic 
matter as well as the precipitated metals within depressions.· 

The metallic substances thus pr.ecipit&ted .from the oce~nic waters , 



L 

·;538 THE ORE DEPOSITS OF SOUTHWESTERN ,WISCONSIN. 

·would of necessity be intimateiy mixed with the sediment that 'formea 
the country rock, and would, therefore, in that conditiqn, be wholly 

.,unavailable to miRing ind!tstry, .not only, but scarcely .more .than 
detectable by careful chemical analysis. For, if the amount of ore 
that has been mined from our ·richest districts, increased by the 
amount that can faidy .be estimated to be still· left unmined within 

·the Trenton and Galena limestones, -were .distributed uniformly 
·through the rock of the district, it would constitute but an extreme1y 
. small percentage of the en tire mass. · 

At my suggestion, Mr. I. M. Buell made ·an estimate of the amonnt 
of impregnation of ,the rock that ~vould occur, i£, the entire quantity 
of ore taken from the Potosi district were uniformly distributed 

·through the adjacent rock.· This district was selected because (1) it 
has ~een one of the most. productive, (2) has definite outlines, (3) a 
somewhat uniform distribution of crevices, and (4) is withal one of 
the most concentrated districts of the whole region. In determining 
the limits of the district, a margin outside the outermost crevices :was 

allowed equal to half the average distance between the crevices, i. e. 
the outside crevice was supposed to draw only as much from the ter­
ritory outside as from that between it ·and its neighbor crevice. As. 

·the basin occupied by the district extends some distance on every side, 
·this is a very modei·ate assumption. Furthermore, it was assumed 
that only 100 feet in depth had been .leached in the derivation of the 
ores, although probably twice that amount of rock originally lay 

·above the base of the deposit. The result was one fourteen ku/JUlrerlt!~J. 
-of one per cetd., or a little more than seven-millionths part of the rocl~; 
·a quantity that may seem surprisingly smnll to those who, by dwell­
ing on the relative·va~ue of the ores, magnify their relative quantity, a 
quantity certainly small enough to answer certain inconsiderate objec­
tions to the theory of derivation of the ores from the inclosing rock, 
:based on the want of ocular evidence of· their metalliferous character. 

Before, therefore, this metallic material can become an avai.lablA 
:resource, it must be gathered into lodes, an4 the methods by which 
.this was accomplished now claim our attention. These embrace two 
·processes somewhat diverse in their nature: the one consists in the 
formation of the crevices and cavities, which become the receptacles of 
.the concentrated ores, the other, in the taking up of the ores froin 
'their disseminated condition in th~ rock, their transportation into the 
crevices and cavities and their redepositiq,n there. Th.e formation of 
the receptacle has. already received consideration and explanation in 
·harmony with the views here maintained. 

j 
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1. 8 oltttion of the Disseminated Ores. 

Two leading questions are here presented, (1) I-Iow were the ores 
·.taken .up from their disseminated condition and car1·ied into th~ crev-· 
ices~ and (2) By what means -were 'they-red·epnsited iu t'he ·openings"f 

1. As soon as the metalliferous beds were in any measure exposed by 
the_ \vearing away of the overlying formations, and, to some extent, 
even before that, they would be subjected to the action of surface 
waters, charged with· such substances as could be gathered in their­
descent through the atm.osphere, their contact with the surface or the 
earth and their percolation through the soil and superficial rock. 

From the atmosphere there would be derived oxygen, nitroge.n, car­
bonic acid, ammonia, nitrous and nitric acids, and occasional ingredients 
that do not need consideration here. From the o1·ganic matter· upon 
the surface of the earth, and from that within the soil, there would be 
derived additional quantities of carbonic acid, ammonia, nitric acid ~nd 
organie material in a variety ·of combinations, which are usually em­
braced under the ·comprehem;ive phrase H extractive matter." Qf' 
these nitrogen is h~bitually inert and, under any circumstances which 
we shall have occasiori to consider, will probably be entirely inactive, 
of itself; and may there.fore be dismissed with this inere mention. -In 
its composite state, however, as a constituent of ammonia, nitric and 
nitrous acids, it is a highly active and importat1t agent, proportionate 
to its amoi111t. The ultimate form, in which it will enter into activity, 
will usually be nitl'ic acid. · This is not only an active chemical agent, 
but is, abstractly considet·ed, peculiarly competent to accomplish the 

·work of solution· and· removal because the nitrates of all the metals in 
question are highly soluble.- That the ·amount of nitric acid det·i\'able 
fro1~1 these sources is not inconsiderable, is demonstrated by the fact 
that one ·important source of commercial nitrates is -nitriferous soil, 
as found in I-Iindostan, Persia, Egypt, Hungary, Spain, Chili and else­
where/ and, by the further fact; more pertinent to our present dis­
cussion, that the earth of many caves, especially of the ~Iississippi 
valley, becomes, in a comparatively short time, impregnated with 
nitrates, as those of Indiana, Kentucky and Tennessee, several ·of 
which haye been worked for niter. The earth in many cases nitrifies 
itself sntfic\ently for· extraction in eight or ten years. The niter­
bearing chalk of th'e basin· of Paris and the nitriferons ca'ves of Cey­
lon are remarkabl~ in that the surface of the rock is impregnated with 
niti·ates, which, on removal, renew. themselves twice or more a year. 
These are especially instnictive in showing the rapidity with which 

' I 

1Annual Report Smithsonian Institution, 1861. Article on_ Nitrification, by D~. B. F. 
~~ . . . -
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mineral-forminQ; agencies, so trivial as to be commonly overlooked, 
may, under favorable conditions, accnmnlate v~luable deposits. 

Beyond thisgenerallesson, however, nitric acid probably renders· 
little aid in the solution either of the metals, or our problem, exc.ept, 
that it is the agent of some disintegration of the rock .. For, while 
in itself highly competent, its affinities are probably always satisfied 
by the Rtronger alkaline ·and earthy bases, which it meets in the strata. 
This theoretical conc.lusion is supported by negative observa~i9n in 
that, while nitrates of potash, soda, lime, and, perhaps, magnesia, ::~r~ 

widely distributed, ni~rates of the common metals are not even .recog­
nized in- standard works on mineralogy. This is· not explainable by 
differences in solubility. 

In considering the possible agency of organic matter,. grave difficul-f 
ties are encountered from the imperfection. of present lmowledge: 
Organic, especially vegetable, matter, when the mysterious forces ·of 
life are removed, begins to undergo slow or rapid. decomposition, ac­
cording to circumstances, giving rise to a group of. new, volatile, OJ;" 

sotuble compounds, and leaving a residuum of dark ~rg::inic matter 
(leaf-mold, peat, etc.), to which the term humus is applied, more for 
the convenience pf a comprehensive name than from any pre~it:~ 

chemical signification it possesses, for the composition of humus varie~ 
with its source and the conditions of its accumulation. Indeed,· it 
may be regarded as a transition stage of organic matter, passing with 
extreme slowness into permanent inorganic forms. The decompo'si­
tion of humus gives rise to numerous organic acids, whose precise 
characteristics and natnral reactions are largaly yet undeterrnined.­
Among these are humic, ulrnic, geic, crenic, apocrenic, nitro-humic, .. 
silico-nitro-hnmic acids and others, less well known. To these are to 
be added acids derived more directly from vegetation, as citric, maiic; 
tartaric, tannic, gallic, oxalic, formic, acetic, propionic and others, and 
those arising from animal products, as uric, hippuric, etc. All. these, 
on tiltimate oxidation, give rise to carbonic acid, .with or without at­
tendant products. It is impossible, at present, to trace the transit~n·y. 

his.tory of these acids individually, and determine what changes they. 
affect and what reactions they severally. undergo on penetrating ~he 
earth. Until this intricate subject has been more fnlly elaborated, we~ 
must be content with general views as to .the prevalent effects of these, 
agencies. In an elaborate essay read before the Amerian Association. 
for the Advancement of Science at Saratoga/ Mr. A. A. Julien has 
discussed the geological action of the humus acids at much length 

1 Proceedings American Association for Advancement of· Science, 1879. 
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and :eferred with great fullness to the scattered literature of" the ·sub­
ject. lie maintains that these organic acids are very important· 
agencies in the disin.tegration and solution of rocks and of their 
constituent and contained minerals, as well as in reduction. He urges 
their great effi~iency for corrosive attack and the production of. 
solvent compounds. Of the portions of this treatise most specially 
applicable to the present problem, the following may be quoted :1 

"The depressions of the surface of the ground, along the course of a vein or elevated 
bed of soft or erodable ore, have generally invited the gathering of surface waters, the 
formation of swamps, rich in humus, and the consequent concentration of solutions of 
its acids. The steep inclinations of the crevices, especially along the planes of contact 
with the strata traversed, have allowed these solutions to penetrate to enormous depths. 
The gossan, whose formation as a cap to the vein must be largely due to these erosive 
agents, does not exceed fifty or sixty feet in depth, according to the books, but appar­
ently 'reaehr.s at least 2JO to 300 feet in ma~y of the Western mines, sunken on well­
drained fissure veins·; and the ocherous selvage along the walls, and seattered films. and 
Qunches along the more continuous and dry fissures, certainly reach to a still greater 
depth, e. g., 1,500 feet in the Eureka mine, in northern Nevada. The material of the· 
gossan bas certainly been the seat of a most complex series of chemical re~ctions,' per­
haps unsurpassed elsewhere in nature; and in these the acids of humus hfLVe played a 
very important part. This see1i1s to be indicated by the remarkable decomposition and 
softening of the, ~vall-rock and of 1'~fractOJ·y sulphides: the deposition of limonite 
and hyalite, the evidences of strong reduction, as well as intermittent oxidation, the 
separation of the native metals (copper, silver, gold, etc.) in forms which must have re­
quired a strong red.ucing agent and solvent., the abundance of carbonates and even· of 
combinations of other humus._a{!ids with oxide of iron, etc." 
, "Senft finds by experiment, that through the action of the humus solutions, silver­
chloride becomes soluble, that the zeolites and simple feldspars dissolve more or less, 
and that even compound· silicates (e. g., oiigoclase, mica, ordinary hornblende, and 
ai1gite) are at least pa;tly decomposed. His later experiments have showri him·a great 
difference in the Holvent power of the agencies- the ammoniacal and other alkaline 
combinations of the hu~nus-acids -which he believes most efficient in the decomposi­
tion, alteration, and transport of mineral substances. This power is least in the ul­
inates, which can dissolve only carbonates: it is stronger·in the humates, which dissolve 
both carbonates and phosphates: and it is strongest in the crenates, especiaily that of 
ammonia, which dissolve carbonates, phosphates, sulphates, simple silicates, and fl~or­
icles. · 'Ihe salts thus dissolved remain in solution only in inverse proportion to the 
degree of their subsequent conversion into carbonates: the latter separating, in crystal­
line condition, in proportion to their insolubility in caroonatecl waters. 0 • 

"When the walls of a vein a~·e composed of a very soluble material, like. the lime­
stone-strata whi.ch inclose the ore-deposits of lllinoiR, Wisconsin and Mis1wuri, the pe­
culiar erosion of the walls into' chimneys,' etc., and the enormous quantity of limonite 
·ocher which fills up the interstices of t.he breccia as a cement, seem to indicate the in­
fluence of stronger agents besides aerated and carbonated waters. The conversion of 
.chalcopyrite into malachite, azurite, etc., of· sphalerite into smithsonite, and. of galenite 
into cerussite and anglesite, imply strong chemical· action; and it has been suggested 
that ' smithsonite may even now be forming in the ground to quite a large extent.' 
The known solubility of the lead sulphate and carbonate in solutions of citric and other 

1 Loc~ cit;, 382-383, 384-385. 
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organic acids adds .to the probability of the. natural. agency of the latter in such veins.-· 
The concentration of certain ores, especially li.monite, often auriferous, as a solid cap 
(~isenhut) to a vein just below the gos~an,.or as a cement to a brecci~ ~nade up of fi·ag­
ments of the walls, is a further consequence of the superficial chemical changes which 
have been caused or assisted by organic acids. . The contact-deposits, which in Europe 
are often of great "economic importance, also represent such a concentration, e. g., the. 
iron-ores of the Northern Banat. Theile consist of ferruginous clay, containing nodu­
lar masses of limonite and hematite, jnserted between mica-schist and curiously eroded 
limestone, and in part of a limestone-brecCia cemented by iron-ore and calcite." 

Without claim'ing precise knowledge as to the form or amount of 
the action of the complex organic acids, the conviction that they are 
efficient agents of solution, within their sphere, is sanctioned ·by the 
investigations thus far made, the growing tendency of whose results 
is to magnify th_eir importance. 

Concerning the remaining constituents of atmospheric.waters, more 
definite knowledge is at command. The surface drainage enters the 
pores and crevices of t~e rocks, well charged \vith oxygen and car­
bonic ac'id. The content of the latter enables the waters to dissolve 
mid bear along with them, Ji.me and magnesian carbonates, so that the 
waters, by virtue of these and the . more soluble alkaline salts, found 
in small quantities in the rocks, soon become slightly rrfineralized. 

It baa already been maintained that the metallic material was dis- . 
tributed throughout the rock as sulphides, by ·original deposition. 
The action of -oxygen on reaching these sulphides would be to change 
them into sulphates and there would' thus arise, iron, lead, zinc and 
copper sulphates. All of these are quite soluble ex.cept the lead corn­
pound and that is slightly so. These snlphates mtist of necessity, it 
would seem, at once come in contact with the mineralized drainaO'e 

;::, 

\vaters and a reaction would take place between the metallic ~mlphates 
and the earthy and alkaline carbonates, giving rise to meta11ic carbon~ 
-~tes and earthy and alkaline sulphates. Although the solubility of 
the metallic c.ompounds is somewhat reduced by this reaction, yet they 

· would be still sufficiently soluble to be borne away -in the minute 
quantities that would at any given t1:rne be subject to such action.---: 
by the drainage waters. Th_ese waters would find their way through 
the cracks, crevices and capillary pores of the rocks into the greater crev­
ices that were the main channels by which· the waters passed onward 
and downward through the strata. By this compamtively simple· 
method, it would seem that ores were brought from their disseminated 
co·ndition ·throughout the strata, into th'e ct·evices where they are 
found deposited. This action was probably much aided by the humus 
acidf? in ·atta~ldng and rendering s·oluble the obdt~t:ate sulphides. _ . 

·If it is objected that the action of any one. of these agencies must 
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be very slow and limited, it may in like manner be replied' th~t the: 
deposition was a very slow process and, in evidence, the size of the 
crystals, the succession of the mineral layers, the cracking and healing 
of the ore and other phenomena of deposit may be cited, and it may 
be observe.d, further, that the action of the penetrating oxygen and 
the pereolating waters, at ·any one point, would have but a minpte 
particle of ore to dissolve and remove and l~cn0e a very slight and 
feeble action, if it were constant and prevalent through the strata, 
wo.uld, in not immeasurable time, affect the removal of the di:ffnsed 
ore. 
· It should he borne in mind, that if the ores now fonnd in the lode~ 

were distributed throughout the adjoining rock~ they would scarcely 
yield more than a trace to chemical analysis, and it is only necessary 
to find an agent that, acting on exceedingly minute particles of ore, 
through long ages will dissolve and remove them. 
· It is quite improbable that the ·solvent waters would, at any time, 

contain enough lead or zinc to be- detected, except by very critical 
seat~ch. For suppose the rainfall to have be~m· on the. average, the 
same in the past as now, thirty inches per annum, and that only one­
tenth of this descended through the superficial strata. Now, if prev­
alent estit1mtes of geological time are to b.e at all trusted, it is almost 
certain that some millions of' years have elapsed since these strata 
began to be B'ttbjeoted to this· kind of action. In the course of one 
million years, at the rate assumed, a column of water nearly fifty 
miles in height would pass through the beds. Now, by estimate, it 
\Yonld be found that if all the ores from an average district were 
gTotmd to a fine powder and spread over the surface of the immediate 
prodneti ve area, it would scarcely more than blacken the surface, and 
e\·er;t in the most concentrated diggings, it would only form a thin 
layer. Now, if this metallic material were distributed through the 
amount of water indieated, it cei'tl:1-inly would be an exceedingly dilnto 
solution. .Froin such an estimate, however crude a"Qd however much 
anyone might be disposed to 1nodify it, it is apparent that only a very 
feeble solvent power is demanded by the problem .. 

It may be further remarked, ·in this connection, that the question 
of the relative solnl>ility of compounds, within certain limits, is not 

, as important as might appear, without consideration, as may be shown 
by an illustrative example·. One grain of lead sulphate is soluble in 
22816 grains of water; according to Fresenius, while one g.rai~1 of zinc 
sulphate is soluble in scarcely more than two grains of water- an 
immense difference. Now suppose that a small particle of galena and 
of blende each give origin to one grain of ~heir respective snlphates, 
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by very slow oxidation, and suppose that, in the meantime, only a half! 
gallon of water, or 29,159 grains has slowly passed over each, it ·is 
evident that, if the theoretical cbnditions have been fulfilled, both have 
been completely 'dissolved, and the extreme solnbilitJof the zinc gives, 
no advantage over the very feeble solubility of the other. If the pro-· 
duction of the compounds be very slow, the solvent agents may be 
competent for their removal without regard to maximum possibilities .. 

· !3. Deposition in O?·eviaes, Openings, eta. 

, If the foregoing views are correct, the ores were concentrated .by. 
drainage waters percolating through the metal-bearing beds and issu­
i:r;tg into the receptive fissures in their way onward and downward.· 
Let us consider attentively the precise situation. 

It has been previously shown that the ores we1·e deposited in slight 
depressions of the strata, and that the traversing fissures cut the beds 
nearly vertically ·in their upper portion, but. towards their base take 
the form of flat and pitching openings, and the reason for this has also· 
been exp}ftined. Now it is evident that the water which enters the 
fissure at the surface will pass directly down· it and will not be de­
tained, like that on either side, in percolating through the rock or in 
threading its close joints and minute fissures. It will not, therefore, 
be subject to the same chemical action, and when it reaches the lower 
portion of the crevice will be in a different condition. It is important 
to note what that condition is. The vertical seam sometimes becomes 
partially ·choked up with earth and clay, and this, sometimes, ~s highly 
charged with carbonaceous matter derived from the surface. Even the 
clay that partially fills the lower openings frequently contains organic· 
matter. Still more significant is the fact that' bones have been intro­
duced into these fissures, in not infrequent instances, and that, in some 
cases, galena has been found in the cavities of the bone. It is, there­

fore, evident that the waters entering the fissures directly from the 
surface carry down organic matter in notable quantities, and that this 
was done bifore the ore was deposited, in some cases at least, as dem­
onstrated by the galenite in the bones. A special source of organic 
matter may be worthy of consideration. Before the region was much 
cultivated and pastnred, and the native vegetation thereby destroyed 
or modified, one of the prospecting signs of the miner consisted of 
lines of peculiar, or especially luxuriant, vegetation. These were ofte~ 
found to correspond with Grevices, and, doubtless, the latter were the 
cause of the nm~sual growth, because they furnished a ready means 
by which the roots could penetrate deeply into the. earth and thence · 
derive moisture and nourishment. Certain kinds of plants, even of 
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the. herbace~ua class, serid. roots· to great depths and, 'although I have 
no specific information as to the class of vegetation that customarily 
assumed the linear arrangement, it probably consisted of those plants 
which were especially favored by the facilities for deep root penetra­
tion furnished by the fissures. However this may be, it is quite cer­
tain that roots extensively penetrated the crevices. These furnished 
organic matter to the descending waters, not only by their decay when 
dead, but also by such exudations and exfoliations as may take place 
while living. 

Another of the prospector's "indications" consists of a slight sag 
in the surface, and this is undoubtedly due to the removal of a portion 
of the subsoil .which is carried away beneath,· into and through the. 
crevices. This sometimes goes so far as to form a "sink-hole," in the 
bottom of which the open fissure may be seen. It is clear from an 
inspection of these sags and sinks, that they could have originated only in 
a soil somewhat readily permeable by water and which would, hence, 
permit organic matter to be carried in solution, if not mechanically, 
into the crevices. This is further snf:ltained by the fact that the prev­
alent soil is a loam: _det·i,ved from the de.composition of, the .reck, a 
"residuary clay," owing its own origin to percolating waters .. 

It appears from the foregoing considerations, if, indeed, it was not 
inherently evident, that the water that enters the metalliferous crev­
ices at the top, or reaches them through open side fissures, will carry 
more or less organic matter, and that this. will be, in part, at least, in 
an unoxidized condition, and that it will slowly pass downwards and 
mingle with the common volume of water that fills the openings: At 
the time the ore deposition took place, the openings in which the 
metals were deposited were being continually supplied with water from 
the two sources above indicated, viz.: (1) that which entered directly from 
the surface-opening of the fissure and was charged with organic matter 
and (2) that whi~h penetrated through the minute pores .and fissures 
of the rock on either side of the crevice, .and; becoming mineralized, 
found its way into the crevices. There thus came together (1) water 
slightly charged with metallic substances and (2) water slightly 
charged with organic matter. The result would be the redu~tion of 
the metallic compounds to sulphides, by the deoxidizing action of the 
organic matter. 
, It would only remain for the metallic sulphides to gather on the 
walls of the crevice in their appropriate crystalline forms to produce 
the galenite, blende, py:rite, marcasite and chalcopyrite that· formed 
the original deposit. · 

VoL. IV.-35 
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. But this is not, presumably, the only method of deposition. There 
is .a ·considerable amount of organic Jl!at~er in the rock-beds them­
selves. This is.especially t:rue of certain layers of the Trenton lime­
stone, wherein there is a sufficient amount of carbonaceous inatter to 
give rise· to ·combustible gas when heated. These carbonaceous beds 
are sometimes impregnated with scattered crystals of galena, blend.e, 
and pyrit~, thi.ckly or sparsely distributed through their mass, so 
much so· that the ore is sometimes separated ~y burning out the car- . 

. bonaceons matter, when the residual earthy rock crnm bles and per- · 
· mits the· easy separation of the included·'ore. It has been previously 
shown that, in this kind of deposition, the type of which is known as ' 
"speckle jack," the dispersed crystals of ore were formed after the 
shaly r·oek, in which they arc imbedded, was deposited, for they ·have 
forced aside the laminre of the shale in their growth within it. There 
is, therefore, good reason for the conviction that the deposition in 
these 'instances was due to the reducing agency of the organic mat­
ter in the rock itself. A similar ·explanation may be assigned to the 
frequent small and scattered deposits in the interiqr of beds, or in 
situations removed from all direct connection with open fissures. In 
some of these instances, probably the metallic substance and the or­
ganic matter were deposited near each other originally, and whatever 
rea.ctiqns have taken place have involved little transportation. Bnt 
that this is not the case with the rich beds of "speckle jack" and 
allied deposits is placed beyond reasonable doubt by their limited ex­
tent,. linear arrangement, local richness and definiteassociation with 
crevices and crevice deposits above. In all this class of deposits, it 
seems much more than probable that the metallic substance was 
brought down from above by the descending mineralized waters, and 
that in slowly soaking throngh the c~rbona~eons shale, the lead, zinc, 
and iron were reduced by the organic .contents of the rock. 

But a third ageut of reduction deserves attention. With the waters 
that enter the crevices directly from the surface, there will be carried 
down oxygen, and this will attack the organic matter conveyed by the 
same water, or that held in the rocks, according as it is brought 
into relations with either favorable to action. .Among the products of · 
such oxidation there· would arise snlphnretted hydrogen and ammonia, 
or their compound, ammoninm sulphide. These will either remain 

· in solution, or, rising through the water, escape owing to their volatili.ty, 
nnless they reenter into combination. But these are the very sub­
stances most familiar to the chemist as precipitants of lead, zinc, iron 
and copper, indeed of the metals generally. The ultimate source of 
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reduction by this method is of course the same as in the preceding 
cases, viz.: the organic matter carried down the crevice from the sni·-
face and that implanted in the strata by original deposition. . 

If it be objected that the amount of organic matter carried into the 
crevices, and consequently its redtlcing action, either directly or by 
means of its oxidation-products, is small in amount, it must donbtless 

. be conceded, if. the amount present.at any given time only be consid­
ered, but it may be observed in full offset, that the amount of metallic 
matter brought into the crevice at any gi'ven time, by \Vaters penetra­
ting the beds, is exceedingly small and there is need for only so much 
as will precipitate the infinitesimal metallic ingredient that. may be 
present. And if, as in the case of the leaching out of the metallic 
substance from the rocks, the possibilities of the enormous lapse of 
time, during which· the deposits, according to our hypothesis, hava been 
taking place, are duly considered, the quantity of organic matter car­
ried into the fissures will appear quite othenvise than insignificant. 

Bnt, in addition to the above methods, sulphuretted hydt·ogen rnay· 
arise either from the decomposition of snlphides, or the reduction of 
sulphates, in ways too familiar to need discussion here. 'Vhile the 
latter derivation, so far as applicable to this problem, is lm·~ely de­
pendent upon organic matter, it is· not. confined to that which enters 
the fissnre or originally belonged to tf1e·contact rock, but m~y arise 
from the more abundant supply of the adjacept or underlying strata. 
But, since it is prone to oxidation, this gas cannot be more than· a 
transient .product in situations freely accessible to oxygen,. indeed the 
reduction of the sulphates implies absence of oxygen. It, therefo~e, 
should be a characteristic of the deeper, rather than the more super:. 
ficial strata. This theoretical inference is sustained, in a general way, 
by the testimony of our deep artesian wells in whose waters it is gen­
eraily prevalent, though it does not appear in the analyses, none of 
which were made on the ground with special reference to gaseous in­
gredients. It is on this basis that we have ~1ready made a broad 
classification of our sn bterranean waters into a superficial zone char­
acterized by oxygenated waters ~nd a lower one marked by slightly 
sulph uretted waters. The amount of the latte1·, in the deeper zone, 
is perhaps too small, in general, to warrant so pronounced a general­
ization, considered in any ·other attitude than that towards chemical 

. changes, when an almost infinite~imal quantity, with the absence of 
free oxygen, will be sufficient to change the whole aspect of chemical 
action. 

The main features of my conception of the mode of deposition 
may be illustrated in connection with the following ideal section' 
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which represents a crevice descendin~ fro·m· the surface, and taking the 
cnstomary form of flats and pitches in the lower beds below which .it 

FIG. 62. 

ericonnters the yielding clays and shales of the '11renton formation. 
4-s the crevice is the main passage for th~ drainage that descends to 
the deeper strata the subterranean water-surface will incline toward it 

'on both sides and the water that works its way through the interrupted 
'jointage of the rocks, or percolates through their pores and capillary 
·crevices, will gradually join it by obl.iqne and lateral flowage, some­
'what as indicated b_y the arrows. The descending waters may be dis­
.tingnished into three general types: 1st, those that de~cend the crevice 
directly from the surface and carry atmospheric ingredients and or-

·ganic matter; 2nd, those that more slowly penetrate the rock on either 
hand and carry in oxygen, carbonic acid and organic solvents (but not 

·to any extent unoxidized organic matter which would be arrested and· 
.decomposed before penetrating far). These oxidize and dissolve the 
·rock and its metallic contents and bear them onward in ~olution into 
·the crevice. The g1·eater. ·part of this will pass laterally through the 
'more open (because more acted upon by solvents) rock near the water 
level and join the main crevice in its upper portion (see figure), fur-
nishing the possibilities of deposition near the water level.. But a 
vart will descend more nearly vertically and will constitute the third 
cla~s. Thi.s. portion will penetrate beyond the sphere of oxidation 
(having meanwhile also lost its own free OXJ~gen), and will then dissolve 
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such soluble substances- as entrapped oceanic salts, etc.- as jt may 
·come in contact with, becoming more and inore saline- however small 

the totality- as it proceeds, sufi'ering reactions, if any of these prove 
incompatible with its previous contents, and, coming· in contact with 
organic matter, or othe1· highly oxidizable compounds, suffer the re-· 
ductio,n of its sulphates- mainly lime- to:sulphides, these again, at 
least the calcium sulphide, to be decomposed by carbonic acid and water 
into lime carbonate, the calcite so commvn in .these situations, and 
sulphuretted hydrogen which is ~orne onward until it shall be fixed in 
an insoluble compunnd by union with a metal, as in the occasional 
crystals of pyrite, blende and galena, in the midst of the 1:ock, or 
mainly, at length, to reach the main crevice and there, mingling with 
th~ waters that have come along the two other cout·ses, become a pre­
cipitating agent, or suffer oxidation, according to circumstances .. It is 
probable that the ores, even as sulphides, are very slightly soluble in 
these impregnated waters, and that some- probably very small­
amounts may be also carried 01tt. to the crevice .to be there .segregated. L 

3. LocATION OF DErosiTS IN ·raE 0REnc.Es, EFFECTS OF FEEDERS, ETC. 

All these lateral waters will, of course, mainly reach the master 
fissure· through cross crevices, bedding joints, or porous beds. At such 
points of union, the effects of commingling ought to be observed, but 
not unifort.nly OL' universally so, since both the ph,Ysical and chemical 
co~ditions of the two currents will affect the result. If. the one con­
tains metallic salts and the other a prompt precipitant, deposits will 
take place, at once, at their junction and the cross crevice will be said to 
"feed" the lode, and this is the most common case. But, if the pre­
cipitant be of the tard,Y sort, such as decomposing organic matter, the 
·commingled waters may drift some distance away before action will 
be taken and the lode will be poor at the crossing but richer beyond, 
as often occurs. Again, if the flowage through the side crevice be 
strong, while that in the main opening be slack, because of its capa­
city, or for some other reason, the water issuing from the minor crevice 
may push back the waters from the former, and, instead of mingling 
at the junction, do so at some distance. On the other hand, if the 
flowage of both be very slight, as is probably the. case usually, the 

·waters would mingle, on the principle of diffusion,. on e~ch side of 
·the crossing along both crevices, so. that the deposits would extend 
some distance into the cross fissure, which is a common occurrence. 
In the cases of bedding joints, flat sheets would wedge ou.t between 

'Comp. Bischof's Chemical Geology" and Hunt's Chemical and Geological Essays on 

these and preceding reactions. 
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the beds for a distance, and· in the case of· brecciated or ca,·ernous 
. I . 

rock, the deposits would extend laterally into them a certain distance. 
lt is further evidenf that bettet• opportunities for. the mingling of 

the waters and, especially for the action 9f organic matte1·, and· the 
segregation of the precipitate in crystalline masses, will be afforded 
in. the cavernous openings, or the in te1·sp:1Ces of crushed layers, than 
in the more contracted portions of ·the crevice, and hence the tendency 
to accretion in snch situations. Moreover, such openings are almost 
universally. connected with a sti·atum that favors the bringing of the 
waters of the different channels together. 

In addition to these sources of ·variations of a physical nature, it is 
evident that the chemical contents of the waters of the crevices will 
add others. The cross crevice may extend to the surface, like the 
principal one, and b::!al' the same kind of water and hence no reaction 
take place on their mingling. Or its contents may be solvent, in nature, 
rather than precipitant. · 

It is quite common for the cross crevices- usually the norths and 
s·ouths- to be found filled solidly with a vertical sheet of ore of a 
somewhat tinel' grain than that of the easts al).d wests and so distin­
guishable to the expel't, eve!\ in the ore pile. Without insisting ve1·y 
much on the value of the explanation, I offer the following, conso­
nant with the above views: These north and south crevices, being 
narrow, offer little facility for the introduction of organic matter, or 
even of much water, directly from the surface, so that they are mainly 
snbject to the ~ction of the· two remaining classes of water. That 
from the zone of oxidation carries in the metallic salts in solution, 
while, below, there enter sulphnretted waters and the two, mingling, 
deposit t.he ore. This being a direct and prompt chemical action in a 
confined space, the precipitate attaches itself, at once, to the wall 
against which, in the initial instance it was probably formed, and so 
makes a compact sheet instead of aggregating in more massive crys­
bi11ine form, as might happen in more indirect and deliberate forma­
tion in ampler space, as in the case of the reduction by decomposing 
organic matter in a caverno~s opening. 

4. Is THE PROCESS STILL IN PROGRESS~ 

In tr.eating of. the changes in the ores of the lodes now in progress, 
reasons we1·e given, somewhat in detail, for the conviction that the 
~etallic deposits of the upper part of the lodes are being oxi.dized, 
dissolved and borne downwards into the depths, and are there :being­
redeposited, and that therefore both waste and deposition of the lode 
minerals are in prog1·ess. The same general principled ·of action, thE. 
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sam:e forces and agencies~ ·essentially, may fairly be presumed to be 
active in their effects upon so m·uch of the·disseminated metallic ma­
terial as may yet be involved in the strata. In that portion of the 
rock in which oxidation has proceeded to. its full length as indicated 
by the change of color from the original blue or gray, to the present 
buff· or yellow, it is not presumable that there remains any consider-

. able amount of metalliferous substance, other than the iron oxides~ 
But in the i11ore deeply seated beds, where oxidation has not yet even 
accomplished the change of color, there is, demonstrably, a residuum of 
metalfic substance, which may furnish material for the continuance 
of ore deposition. As oxygenation penetrates deeper and dee pet·, the2e 
disseminated ores are taken up, in infinitesimal quantities to be sure, 
borne into the crevices, and thei·e finding, aE before indicated, a snit­
able precipitate, aL·e redeposited. 
· In support of these theoretic~! considerations, we may recite the 

facts to which attention has previously been called, viz.: that ores 
have certainly been deposited since the opening of the crevices to the 
surface and the introdncti~n of the bones of mammals, since lead is 
found within their cavities; ·that the lead and zinc, as well as 'iron 
cmnpounds, are intimately as~ociated with calcite in the formation of 
stalactites and stalagmites of very youthful appearance; that the crys­
talline otes in certain situations present an untarnished and. unmodi­
fied appearance, not to speak of the more questionable evidence cited 
in tl1e chapter previously referred to. It is therefore our conviction, 
an almost necessary one from our theoretical views, that· the ores are 
now growing by accretions derived from the original source of the 
deposits 

5. v ER'fiCAL DISTRIBUTION OF THE ORES. 

It remains to assign reasons, if possible, for the vertical order of 
the ores. 

Since it is maintained that the ores were derived from· the embrac­
ing strata, a seemingly natural explanation may be assigned by 
~ssnm1ng that lead sulphide predominated in the higher sediments 
and the other ores in 'the lower, substantially in the same order in 
wl1ich they are found in the lodes. 

This would, of GOUrse, involve· the ulterio~ question, Why were the 
sediments impregnated in this orded which would be nearly equiva­
lent to asking, Why were the waters of the ocean mineralized so dif­

. ferently at times so little removed from each othed The considera­
tio.n of this question·renders the suggested explanation as apparently 
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improbable as before it seemed natural, for it appears incredi?le that 
the oceanic waters of the Trenton period should carry so large a rela­
tive amount of zinc while those of the Galena period should be almost. 
exclusively enriched by lead. But still there may be .some truth in. 
the h,r,'pothesis. If the metalliferous solutions were derived in large 
m·easure from the leaching of. the Lake Superior region, the extent to 
which the theblliferons formations of that region were exposed would 
be an important f~ctor .. During. the Potsdam and Lower Magnesian 
periods, the iron- and copper-bearing formations. were much more ex­
tensively exposed than in th~ later Galena and hence a larger contri-. 
bntion of coppe1~ and iron would be .the .result, and this is consonant 
with the larger relative amonnt of those o~es in the lowet··horizons. 
But the .absence. of zinc. and the paucity of lead, so far as present evi­
dence goes, weakens the force of this coincidence, for they ought to. 
have been contributed as abundantly as in the later date for aught 
that appears in the circumstances ·of the case. . 
· When the accumulating sediments had encroached upon the region 
to an extent. measured by -200 feet or 300 feet vertically and had 
buried the copper- and iron-bearing series to that extent, as in the 
Galena period, it .is clear enough that they would contribute less to 
the ocean, but this does not afford a' satisfactory reason why the 
deposits at this time should be so exclusively lead ore, .nor do I 
know of anything in the geological conditions then prevalent that 
does. 

While, therefore, the degree and nature of exposure of the contrib­
uting metalliferous area to leaching may cause some general variatiops 
in the metalliferous character of the depositing waters, they do not 
seem to offer any satisfactory solution of the marked distinctions 
observed in the order of the lode deposits. 

There is a fnrther fact that renders an explanation on any such 
basis improbable, viz.: that it is a very common circumstance for lead 
to yield to zinc in the lower parts of lodes. The. general fact of one 
ore giving place to another in depth is well known. 

Moreover, the special methods -of occurrence of the ores in the lodes, 
while they do not. perhaps afford very tangible objections to .this hy­
pothesis, yet do not seem well accordant with it. 

The true explanation. is to be sought, I apprehend, in selective 
eltemieal ajjinit.y. Picture an interr11pted vertical crevice filled with 
water, into the upper portion of which are being introduced the several 
meta:llic solutions and at the same time precipitating agencies. The 
latter, however, are insufHcient to reduce all the former, a statement 
sanctioned by the amount. of_ ore that is. found in the lower carbon-
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aceous beds, having escaped precipitation above. The result would be, 
the selection of the metal for which the precipitant has the strongest 
chemical attraction, while the others would pass downward until, the 
favored metal having been extracted, they in turn are reduced by pre­
cipitants generated below, either from matter there embodied, as the 
hydro-carbonaceous constituents ~of the shales, or from organic matter 
from above that failed to sooner decompose and so beeome efficient, 
or from snlphates reduced,' or from other sources. · Afthough it is not 
quite certain what would he the precise condition of the precipitants 
in the ·upper horizons, there is thought to be sufficient ground for as­
smning that lead would be first selected, zinc next, and iron last· of 
the three prevalent inetals; and this is the predominant order of verti-' 
cal arrangement. 

But iron, fmm its prevalence and the easy decomposition of its snl-' 
phi des, would doubtless enter the crevice at an earlier stage than its 
associa.tes, and hence it extensively lines the walls of . the openings.; 
On the other hand, from the obstinate nature of its oxides, it will be 

'likely to outlast its rivals and be the last to enter in. quantity, and so: 
frequently coats the other ores with a late deposit. More or less· of 
mingling of the ores is, of course, inevitable under such conditions.-

As denudation gradually carried tl~e surface and the zone of oxida.; 
tion and solution downward, the horizons of deposition of the several 
metals would descend correspondingly, and hence would overlap and 
the galena would at length ov~rlie the zone of the previous zinc and 
iron deposits, so as to appeal~ third in order as seen in the vein- so· 
that while first in vertical order, it becomes last in. lateral order in 
the lower portions of the lode. 

This, though lacking much in precision and detail, is 'thougJ:lt to 
embrace the essential circumstances that determine the vertical distri­
bution of th.e ·ores, the central principle being selective chemical 
affinity. 

This selective action doubtless played an important part in the ex.; 
traction of the ores from the oceanic waters and so influenced the 
ol'iginal imp1~egnation of .the strata. 

The results of some experimental studies are reserved till greater 
fullness, precision and a closer imitation of the conditions of nature 
can be commanded. 



CHAPTER III . 

. PRACTICAL CONSIDERATIONS. 

Deep Mining. The long mooted question of the probabilities of. 
profitable deep mining -in the lead district presents itself for foremost. 
consideration. In the history of opinion concerning this subject, it is 
to be observed that the e.arlier investigators, with large unanimity, in­
cline to the affit·mative b_elief, maintaining that the deposits would re­
main productive and probably increase in ~ichm3ss as traced into the 
lower formations, especially the Lower Magnesian limestone. The 
tendency of later opinion on the part' of investigators of unquestioned 
ability has been decidedly in the opposite direction. 

Dr. Percival, whose views have already been sketched, in outline, 
may· be taken as a repre~entative of the former; Prof. vVhitney of 
the latter. 

Dr. Percival believed t4at the Lower Magnesian limestone was "a 
good mineral~ bearing rock." Prof. Whitney's views, expressed some­
what at length in his report of 1862; are summed up partially in the 
following words: ''We are not prepared to admit that the Lower Mag­
nesian ever has been, or is likely to be, profitably mined in for lead, 
either when it comes to the surface, or when it is overlaid by other 
rocks. For the purpose of determining this point, we have examined 
all the localities where galena has been reported as having been found 
in any noticeable quantity, and are able to affirm that, at the present 
time, no profitable rp.ining is carried on in the Lower Magnesian, and 
that n.one ever.has been for any length of time; and, further, that no 
well-developed crevices, or such as could be followed to any distance, 
have ever been found in it." 

It is evident that the conclusions at which an investigator arrives 
concerning this question are necessarily dependent upon the views he 
entertains as to the methods and processes by which the ores were 
deposited. 

Inasmuch as our views upon this subject differ quite radically 
from those of Dr. Percival, and, in some important particulars, from · 
those of Prof. Whitney, our a.nswer to the question here proposed 
must be divergent in like measure. 
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Instead of assuming~ wfth the latter, that the Silurian· ocean. was 
generally rich in metallic solutions and that, therefore, the whole ques­
tion of deposition depended upon the richness of the strata in organic 
Ii1atter, and that henee the or~s cannot safely be presumed to have 
begun to be deposited before the appearance of a rich fauna and flora, 
and, hence, being led to an adverse opinion concerning the Lower 
Magnesian limestone, in which the remains of organic life are not 
abundant, we inaintain that the essenti'al circumstance of deposition 
is to be found in the local enrichment of the early seas· by solutions 
de~·ived from the disintegration and draiitage of contiguous metalli­
ferous territory. We assuine that there was, in general, a sufficiency 
of oi·ganic life 'in any of the Silurian limestones to extract the metal­
lic salts had they been present in abundance; and had favorable con­
ditions for the. extraction, retention and accumulation of ores been 
present.· ' 

And in support of this view, we appeal, not to cite other examples,· 
· to the existence of rich deposits of these ores ·in the neighboring 

Lower Magnesian limestone of 1t1:issonri, which is equally destitute of 
the remains of animal life; we say of the remains of animal life, not 
of its existence, for the limestone itself, in our judgment, bears testi­
mony to the fact of abundant organic life, the remains of which, in­
stead of retaining their organic structure, have passed into the form 
of granular dolomitic limestone. · 

The important circumstance upon which qur judgment;· in respect to· 
the Lower Magnesian limestone, must rest is involved in the answer 
to the question, \Vere the seas of this region fed from the tributary 
lands in the Lower Magnesian epoch, in a similar manner and with 
similar richness to that which obtained in the Trenton and Galena 
periods~ The answer to this question wilf obviously depend· upon the· 
j)l'obable course and character of the oc~anic currents ~f that epoch. 
For it-is evident, upon a moment's consideration, that the crystalline 
1·ocks in tl1e Laurentian and Lake Superior regions were even more ex­
posed to decompositi9n and drainage in that period than subsequently. 

The only circumstance that I can conceive of, as probably lessening 
the amount of metalliferous substance carried down into the sea, WOlild -
arise from possible variations in the deep-.seated waters arising through: 
fissures, such as may possibly have ~een connected with metalliferous 
fissures of the no~th shore of Lake Superior, which contain lead, zinc 
_and other metals. These, for aught we know, may have been less or 
more importa:nt factors in this age, but as this ia a wholly uncertain 
element, upon which we do not, in any essential respect, rest ot1r 
views, or conceive that the deposits are, in any very large degree, de-
pendent, it tpay be dismissed with this remark. . c 
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The contribtition arising from the general de'cornposition and leach. 
ing. of the Arch::ean areas, being at lea$t equally great, the question· 
reverts to that of. oceanic currents.. The general circumstances con-· 
trolling these were manifestly essentially the ·same. · No noticeable· 
upheaval or subsidence, emergence or accnrnuhttion ·in the whole con-: 
tinental area has yet been discovered which could modify the contonr 
or bed of the ocean to such a degree as to affect the general course of 
the currents, .nor is.there evidence of any climatic change that might 
have affected either its circulation or that of the winds. 

The only known geologimil circumstances which could affect the. 
case are the slow subsidence and slight oscillations of the land which 
permitted 'the progressive accumulation of the Silurian formations.­
These ll1ight be presumed to. be competent to change the local features 
of the currents, but not their general course. 

The main circumstance that seems.to us important relates to the 
question whethei· the Archrean island of nort.hern Wisconsin was COD· 

nected with the Archrean axis of Minnesota at this period, as it cer­
tainly was in the earlier Potsdam. Without entering upon a full dis­
cussion of the data, which wonld require more space and a wider con­
sideration of geological circumstances than are here permissible, we 
must content oure.elves with the. simple expression of our conclusion 
that near the close of the Potsdam period, the connection between Wis­
consin Island and Minnesota Point was severed; that the later Pots. 
dam seas swept through a shallow strait connecting the Lake Superior 
basin with that of the Mississippi river; that .this strait was some­
what wi~ened and deepened in the Lower Magnesian epoch, and that, 
tli.erefore, oceanic currents entering the southeastern month of the 
Lake Superior basin (see Plate--) in part found exit through this 
strait, essentially as in the Trenton and Galena periods that followed. 
So that metalliferons solutions were borne from this northern region· 
southward over the district u·nder discussion from the later Potsdam . . . ' . 
period on ward to the close of the Galena period, after which, we sur­
mise, their courses changed, due to the new oceanic conditions which 
gave rise to the Iindson river shales. · 

These views are in perfect harmony with the facts before cited in 
reference to .the occurrence of ores in the Lower Magnesian limestone 
in the area lying immediately north of the lead district where the 
formation is abundantly exposed to observation. The existence of 
these metalliferous deposits, north of the recognized lead regiou, 
whatever· may be their economic importance- which is neverthe­
less greater than has sometimes been assumed- demands a rational 
explanation, since they are. ~ot common characteristics of these for-: 
mations in their general distributi9n. 
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Now, it is a somewhat suggestive fact that the ores found in these 
beds are those of iron and copper. At the time that the strait, before 
mentioned, is believed to have been fir8t opened, the copper:bearing 
formation of Lake Superior was still exposed over a considerable 
ctrea, although much more buried than it is to-day, hence there would 
be derivable from it both cupriferous and ferruginous solutions, the 
latter being of course also derivable in abundance from other sources. 
And hence it is not remarkable that the oceanic waters of the vicinity, 
receiving drainage from these rocks, should have been unusually im­
l)regnated with these salts, and that the formations to the southward, 
that offered extractive agents. should have received notable ferrugin­
·ous and cnpriferous contributions. 

But before the close of the. accumulation of the Galena limestone, 
the copper-bearing series was probably nearly buried beneath Siluria~ 
sediment, and, therefore, yielded a feebler contr~bution. 

It is perhaps worthy of mention, though we lay no great stress upon 
the fact, that the copper deposits found within the lead district lie 
mainly on its eastern margin. Now the copper-bearing rocks have 
theit· greatest elevation, as well as greatest area on·the southern shore 

. . of.Lake S.n.pe~~i.Qr, ~P4 it was mainly th.is portion probably that remained 
exposed during the Galena period. And hence the drainage from it 
would mfngle with the waters on the south margin of the Lake Su­
perior basin, and, as they found exit southward, would lie upon the 
eastern margin of the current, and so pass over the eastern tract of 
the lead clistri~t and be there precipitated. 

iVhile, t.herefore, the· general conditions of deposition were easen­
tially the same in the Lower Magnesian as in the Galena period, three 
circumstances may be mentioned which probably tended to render 
the ore deposition less rich . 
. In the first place the outlet from Ijake Superior was probably nar­

rower and shallower than in the later period, affat·ding less free exit 
. to the cur·rents entering the lake basin, and causing a larger propor­
tion of what water entered Lake Superior to re~cm·ve·upon itself and 

··find exit hom the southeasterly month. This also being narrower and 
: shallower, less water would enter Lake Superior. In the second place, 
the agencies of extraction and precipitation may have been somewhat 
less abundant, and hence the deposition more prolonged and ~cat~ered. 
In the third place, the conditions of segregation appear to have been 
less favorable. In the upper group there was a thicker bed of purer 
magnesian limestone, and below this there lay a more compact lime­
stone interstratified with clay and carbonaceous shales, which served 
to che_ck al}d limit the downward flow of the solutions, and thu~ ga~e 
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time and opportunity for deposition, and atthe same'Hme contributed 
organic matter and other extractiv-e agencies. 1'his latter · ci1·mi.m­
stance may be an import~1lt consideration, for while it might be 
gmnted, that it took as rnnch organic matter to produce the material 
of the Lower Magnesian limestone as an equal quantity of the upper 
'limestone, thot1gh, from its more siliceous nature, this is not probably 
true, yet~ if the or·g3.nic substance was largely retained in the upper 
formation, but lost in the lower, there might be, in the latter instance, 
'a l;tck of precipitating agencies adequate to the complete segregation 
arid secondary deposition of the ore;· so that, if ,it were granted on 
theoretical g.ronnds that the Lower Magnesian limestone \vas equally 
impregnated with rne.ta1lic substance or_iginally~ it might still fail to 
be retained when once leached ont, for want of a stratum below to 
·check 'too free drainage, and the want of o!'gauic and other agencies 
of precipitation. ·But it is, of course, an open question whether the 
agencies for th~ extraction of ores from oceanic suspension were as 
. effi~i~mt in this northern region as they were in the lead region 
proper. 

Concerning the probabilities of ore in the latter region, which is· 
. really the mooted q nestion, the foregoing considerations lead ns to 

these conclusions: First, that, if ore deposits exist, they are proba­
bly located beneath the present productive districts, for in our view, 

·the. depressions of the strata which were inflnenti~l in localizing the 
deposits. were depressions of the original ocean bed and had their 
pri1nal origin in the irregularities of the Archrean floor, modified; of 
·co~use, by the circumstances of oceanic accumulation, as heretofore, in 
part, indicated. This conclnsion, based, as it is, upon definite reasons, 

·would, of course, be of great importance in determining the points ·at 
which shafts should be sunk were an attempt made to test~ by actual 
exploitation, the metallifero~s character of the Lower Magnesian lime­
stone, and the general principles upon which this conclllsion is based 
would be of service in selecting from the numerous districts the one, 
or the f~w, which might ofier the greatest probabilties of success. 

In the second place, it is hardly probable that such dt·posits would 
be found relatively as rich a-s those of the upper horizon, for reasons 
similar t? those assigned in reference to the deposits north of the lead 
district. 

But the difference in the conditions of the two areas adds other 
elements to the already complicated problem, wltich render conclu­
sio~s somewhat less certain than might be desired. Bnt, we deem 
a fair estimate of the influence of known and definite circumstances, 
to be a va"tly better basis for the formation of a trustworthy judg-
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·ment, however complicated. the· problem may be, than vague gen­
eralizations based upon ·some assumed general law of ore deposits, 
where no such general law exists. 

The first additional circumstance finds expression in the question 
whether the Lower :Magnesian limestone might not be enriched by 
solntions descending froin the fonnations above. Under the topic, 
Changes in Progress, eddence was cited to show that the ores of the 
Galena and Trenton limestones were being corroded, chemically 
changed, dissolved and carried away in the drainage waters. The 
gene1·al conrse of these waters ·is downward. In so far as snch solu­
tions are not arrested and deposited in the lower beds of the Trenton 
formation, they presumably penetrated deeper, for, notwithstanding 
the obstruction \vhich the shales and close rock of the Trenton opposed 
to the descending drainage, it cannot be successfu1Iy questioned that the 
waters descend, at length, to. the formation below. The St. Peters 
sandstone, however, intervenes betwe~n the Tt·ento~ and Lower :Mag­
nesian limestone and is ·a highly poi·ons water-bearing· formation. In 
general, the waters are passing through it in the direction of its dip 
which is here generally southwesterly. It is by no means certain, 
therefore, that metallifei·ons solutions, entering it from the Trenton 
limestone won1d pass dil'ectly · down,vard through it i~to the Lower 
.:Magnesian limestone; on the . contrary they possibly and in some 
situationt', undoubtedly, would be borne away laterally in the direc­
tion of the dip of the fortnation. 

Notwithstanding this, however, I deem it highly probable that a 
portion of the metallic salts borne down from above do enter the 
Lower Magnesian lime~tone. But this may also have taken place in 
the Highland district and in the region north of the Wisconsin 
river, and a portion of the ores there now found may possibly have 
been derived from the Trenton and Galena limestones that. once over­
lay them. 

Another element of the problem to be considered relates to the 
co~ditions of segregation. It is of no present practical conseqt~ei~ce 
to believe that the Lower Magnesian limestone is rich in ore dissem­
inated minutely throngh the rock; it must have be~ri gathered and 
deposited in veins and lodes to be of any practical service. In om· 
consideration of the method of concentration of the ores in the crev­
ices, it was maintained that the solution of the disseminated ores ·was 
dne to the action of oxygen, carbonic and humic acids, and other 
agencies derived from the atmosphere and orgariic life on the snrfac~, 
and that the action of this was mainly within the zone of oxidation. 
Now, in the case of the Lower Magnesian iimestone, buried 100 or 



.... · 'i '· 'i .... , 

56,0 THE ORE DEPOSITS OF SOUTHWESTERN WISCONSIN. 

200 feet, at least, beneath the water lmrel and not directly exposed to 
the. easy penetration of organic matter to act as a precipitant, it is 
evident that the conditions that we have supposed to be efficient in th_e 
upper horizon, will be, at least, less effective here. These agencies, 
however, are not the only ones competen't to concentrate ore. We 
apprehend, however, that a less proportion of whatever metallic sub-

. stance exists in the Lower Magnesian lim,estone, where dEleply buried, 
will be found to be concentrated in veins than in the more superficial 
formations. 

On the other hand, the ores of the Lower Magnesian limestone at 
Highland and on the north of the Wisconsin river have been subject 
to considerable corrosion and loss from ox~dizing and solvent agencies, 
and, therefore, they, on their part, do not fully represent the ores once 
present. 
· Gathering all these circumstances together and balancing their rela­
tive influence, as well as we may, we arrive at the general conclusion, 
above indicated,· that the deposits in the· Lowet· Magnesian limestone 
beneath the prodnctive deposits of the lead region would not be found 
.as rich as tl1c latter.· 

There .arises, then, the practical question, whether, under these cir­
cumstances, it is probable that mining in the Lower Magnesian lime­
stone could be made profitable. One of the circumstances to be taken 
into cons.ideration is the necessity of penetrating the St. Peters sand­
stone, a soft, friable, easily removed formation, in general, but, from 
its porosity, very highly water-bearing, so as to present, on this score, 
a grave obstacle to its peneteation in most situations. The. extent of 
this obstacle may be understood by anyone who chooses. to ~ef~r to 
the chapter on artesian wells, in Volume II., pages 149 to 110, wher.e 
it will ~e seen that at many localities there enter the sides of a bore 
of very moderate diameter very large supplies of water. It would be 
necessary in most situations to tube the formation, or, by other device, 
shut out the ingress of water. 

The Lower Magnesian limestone,· not having been exposed to dis­
integrating agencies, in. its deeper situations, would: present a very 
hard and difficult rock to work, a rock essentially like that of the 
average bar rock. Under these circm~stances, it is quite impt·obable 
that mining in the Lower Magnesian limestone could be made prac­
tically profitab~e. 

Practical Suqges#ons as to Prospf3cting and .Mining. While 
many of tqe signs and rules current among miners are doubtless gen­
er~lizatio:Qs from a very narrow range of observation, or mere arbi~ 
trary inferences from ~ssociated phenomena that have no .genetic 

,;,J '· :' 
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connection, yet; to class all such rules, or even the more prevalent 
Qnes, thus, would be doubtle~s to do great injustice. It will, there­
.fore, perhaps be serviceable to discuss some of these miners' maxilns 
a~d determine, if possible, the rationale of their truth, and found 
them npon it. 

(1) One of the most serv:iceable guides in prospecting, locating 
shafts, and in anticipating richness within the deposit, is held to be · 
found in slight depressions of the surface. A little sag, which, per­
haps, might not be noticeable except in the early morning or evening~ 
when the slanting rays of the sun develop it by its deeper shadows, 
or the merest linear hollow, is looked upon as a favorable indication. 
The reason for this is not far to search. Decomposition of rock along 
the line o~ crevices, and the carrying down into it by drainage waters' 
of the surface soil, very naturally gives rise to slight depressioris: 
Wherever the disintegmtion is more marked than elsewhere;or where 
the drainage has concentt·atell and carried more material into the cav­

ities below, there will be a more considerable indentation of the Stll'-' 

face. It will be observed that these circumstances· are ptecisely 
accordant with our. ,views. as to the method of deposition, .that the 

·very circumstances of decomposition and ready drainage-entrance 
into the crevices are those which have facilitated the filling of the' 
the crevices by virtue of the precipitating ageneieg which have been 
thus carried in. This guide, of course, primarily points to a fissure· 
and cayities below, and, in some cases, of course, may lead to nothing 
more, the crevice and opening being bai-ren for the want of some other 
essential condition of deposition. Too great a depression, as in the 
instance of pronounced sink ho1es, is a less certain guide, probably 
because .it indicates too open a passage way fo1· the drainage, in conse­
quence of which the waters pass rapidly through and no opportunity 
is allowed for the slow process of deposition, and, if ·such deposits 
.have taken place, they have been subjected to too powerful corros.ion. 
Pronounced sink holes, however, occasionally lead to deposits. 

(2) Lines of peculiar vegetation of any sort, or a more vigorous 
growth along a narrow belt, are regarded as signs of crevices, and with 
good reason, since it is quite evident that the crevices offe·r greaten 
depth of soil, and, what is probably more influential, a nriiform ,snpply 
of moisture; ·and further, being along the line into which the drain­
age gathers, the roots are somewhat fertilized by waters entering the 
crevices ·from the sides. This· guide is, of course, less available since 
the cultivation and pasturage of the region than in its former native 
condition. · 

(3) The color of the soil is a subject .of study to the prospector. 
VoL. IV.-36 · · ' 
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In th'e lead region, with the exception of the alluvial deposits, the 
.soil is entirely derived from the disintegration of the under-lying rocks, 
_is merely the·.residue of their. decomposition and contains whatever 
they may have contain~d .that has escaped disintegration.- If any por­
tion_ of the rock,. therefore, was highly ferruginous, as ·that associated 
:with the deposits often is, from the dissemination .of imn pyrites, 
there would· result from its disintegration~ a. soil of ocherou_s color. 
~his might also result ft·om the iron deposit of the lode itself. Belts 
of soil, therefore, notably marked. by red or yello.w ocher often indi­
c~te the position of a lode. · 

(4) The_ color of the crevice_dirt_is also looked upon as indicating 
fa\·orable or unfavorable prospects, aE? it is encounteted within the 
openings. If it is of a bright red color, it ·is i·egarded as an unfavor­
able indication, the ore having been "burnt out," ·as· the ininers phrase 
1J:. If of a more subdued yellowish color it is looked upon with more 
~avor, bt~t is subjectto many locall)lodifications and complicated with 
.other rules for which the reasons a,re not evident, so that it is uncertain 
whether al).y of these possess much value. 

(5) The presence of fragments of· .calcite in th_e soil sometimes 
points to a lode, the calcite, of course, being the undissolved port_ion . 
of the gangue of the lode, and, in timt respect, analogous to float 
mineral, as an 'indication, though of course less trustworthy, since the 
crevice may be mainly full of calcite and lean of ore. 
. (6) Float ore, that is, ore whicJ1 has become detached from its origi­
nal position and carried to a greater or less distance by water and 
othe1· St}rface agencies, is, of course, the most direct and trustworthy 
indication of the near presence of a lode. As this region has never 
9een swept over by the drift fo_rces, loosened ore will rarely be trans, 
ported by any other agency than water, and its attendant meteorologi­
cal agf:mcie~, and except in a ravine subject to floods, it will not usu­

ally be'drifted far from the parent lode, and, therefore, the finding of 
]oos~ ore usually directs the prospector to the lode, whence it was derived: 

(7) The drainage phenomena often afford valuable suggestions, 
though such indications are less direct and trustworthy than those above 
indicated. The lines of the crevices, as we have attempted to show, 
are lines of fracture tovmrd which the adjacent strata slope, and, 
therefore, they become important drainage lines, and, after being cut 
acruss by the valleys of the region, naturally become the passage-way 
of under-gronnd'veins of water which is~ue in springs and ther~by 
indicate the location of the crevices .. Manifestl,y, however, many 
springs rise independently of such .association, and therefore, this is a 
gnide which mnst be followed with much circumspection. · 
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-· . (8) The· relations of deposits to the surface contour iefa fruitful vein 
of mine'rs' wisdom; While I allow· no· one to surpass me in impatience 
with the oft-repeated dictum, "I should think by tlw lay of tlw.land 
that there ought to be minei·al here," and, whHe the general· surface 

'contour in the lead region is no means ·of distinction, wluttc\·er, be­
tween the productive and barren areas, ·since both are in aU ~iscerni­

. ble respects alike, yet the productiveness of crevices.in their different 
·parts is held, and, seemingly n~t without reason, to· be correspondent 
to the nature of the overlying surface.· · 

It. is commonly asserted by miners that· a lode does· not "make" 
·well. oecarws.e.l i.t is too shallow, or because it is running too much 
· nnder the hill. ~IlL~~. g.eneral conviction of miners; doubtless the re­
sult of their expei'ience, is, fih·~.t. the crevice" makes" better at medium 

. depths and under the receding por·tion of· the brow, than at the sum­
mit or at the foot of a bill. In other w.ords~ in· entering a crevice 
f1·om the side of a hill, it is not, we are assured·, ·w:iually very rich in the 
shallow ground, bnt develops hest: under .the brow of the hill. and 
generally pinches up under the summit. If traced onward to ·the 
opposite 8lope, the phenoinena are ·often reversed. If the lode runs by 
easts ·and wests and quarterings alternately ·along the side of a ridge, 
as in the case of the .Atkinson range at Muscalunge, so that, at times, 
it is running parallel to the level line ·drawn on .the surface above and 
at others running toward the summit of· the hill, it is claimed that it 
will usually be most producthre in the parallel·portions, that is, that 

· portion .of the crevice which, if mapped out·upon the sloping surface 
of the ridge~ would run along it ~'like an eave-trough .. " The 
wide unanimity o·f the testimo'ny of minei·s· to these rules, or essen­
tially the same differently stated, leads to the conviction that they 
represent ·broad generalizations from· facts~ . 

Recurring to our views of the method of formation, it will-be evi­
dent the crevices, so situated, are thDse ·in most favorable position f01; 

· the reception· of ores. Those cre·vices which come ~o t.he surface -par- . 
allel to the side, "like an eave-trough/' catch the drainage and carry 

:it below. Furtber.more, ·t~1e water level .within the ridge almost uni-
. formly conforms, in a measure, to the surface contour, in other words, 
the water-level is higher under the· summit. of the ridge than along 
the flanlts, or in the adjacent v~lleys, and the tendency of- the subter­
ranean water is, of course, seeking its.level, to flow towards the sides 
-of the ridge, and thus the drainage that enters· the summit and de­
scends deeply through the beds, turns outward, and entering the·crev­
ice, there mingles with that c~ught a,t the surface and carried down-

·ward, thus furnishing· one of the conditions 'of ore concentratio.n pre· 
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viously described. On .the other hand, if the crevice runs into the 
ridge at right angles to its axis, it is universally traversed by cross­
seams, which run parallel to the sides, and which, in like manner, 
collect both the surface and the deeper waters and carry. them into the 
main fissure, to which they act as feeders. Thus heavy deposits do 
occur in crevices rrinning ·at right angles to the ridge. If, however, 
both systems are much ol>lique to the face of the ridge there is greater 
liability of the waters to escape in divergent courses without being 
brought together in a situation suitable for deposition. These rules 
do not seem, ·however, to be universally applicable, and could scarcely 
be supposed to be so, since numerous other circumstances modify the 
internal drainage of a hill, and drainage, not contour, is really the 
influential element.. The special ruies, here stated, may be included. 
in a more general one, namely, that whenever the conditions are most 
favorable for bringing together (1) waters derived directly from the 
surface, and (2) waters that have penetrated considerable depths of 
rock; there rich deposits are most likely to occur, other things being 
equal. 

While these rules, therefore, find a rational e~planation in the 
theory of ore deposition here advocated, and, in'their turn, lend some 
additional testimony to its truth, it is evident that they_ are quite with­
out explanation on ~my theory that looks to deep-seated causes, since 
thermal springs and gaseous emanations can 4ave been in no es­
sential respect affected by the surface contour. 

This will be especially evident when it is considered that the present· 
topogr~phy could not have been assumed at the time of deposit, if 
that was due to either of these· agencies, particularly thermal springs, 
for these crevices often come out to the surface at lower levels than .. 
that at which the deposit takes place, as for instance the "65 foot 
opening" of Muscalnnge Diggings comes to the surface in the side of 
a bluff at heights of 15 feet above the bottoms and downward, while 65 
feet above this lies the "12 foot opening." Now it is quite evident that 
springs rising from below and reaching the "65 foot opening" would 
flow out to the surface, as the drainage w~ters do now, and it would 
be utterly impossible under hydrostatic laws for them to rise to the 
"12 foot opening" and produce a deposit there. To explain these 
deposits by thermal waters, it must necessarily be assumed that the 
" 12 foot opening " was formed before the valley of the Rattlesnake 
was cut down below it. Similar facts are common throughout the 
whole region. It is, therefore, incredible that the topography should 
have modified the ore deposit, or that au·y rule based upon surface 
contour should have any trustworthy application, at least, in a case 
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like this where the ore deposits themselves have had no appre~iable 
effect in producing surface contour. 

(9.) Accot·ding to testimony received from various sources, the infiu. 
ence of valleys is two fold. If the valleys are very deep, the ores are en t 
away and the open_ings in the face of the bluff often bar llp and be­
come feebly productive.. Where lodes cro~s small ravines !)ear their 
head, the ore is said generally to ''make strong," presumably due to 
the concentration of drainage. The rock beneath the valleys, espe­
cially that occupied by water courses, is often very hard or, in miners' 
parlance; barred. In the Hazel Green district this appears to be cQn­
spicuonsly so. See section on Atlas Plate XXXIX. The accompany­
ing figure may serve to illustrate the probable explanation of this: 

FIG. 63. 

DIAGR.Ul ILLUSTRATING TENDENCY OF UNDERGROUND CURRENTS. 

The water level beneath the ridge rises to a g~eater or less. height 
above that of the valley according to the amount of obstruction, inter­
posed by the rock. The tendency of this water is to flow in the direction 
marked by the arrows, except so far as it may be modified by inequal 
obstacles imposed by the rock. The descending waters are charged 
with oxygen, carbonic and humic acids, and other solvents, and tend 
to disintegrate the rocks through which they pass, unti.l these chemical 
a<>'encies are exhausted. The rock, therefore, traversed by the de-o . 
scending currents is softened. In the .valley, however, there are no 
descending currents, but rather t4e opposite, as .demonstrated by the 
frequent occurrence of springs rising 'in the bottom of the valley or 
the stream. These ascending waters having been already charged in 
their desce~t with lime salt, and, .perhaps, ·some metalliferous sub­
stances will be disposed rather to deposit, and, therefore, harden the 
rocks, than to dissolve and to disintegrate them.· As they are rising 
from greater to less pressures, their solvent. power will be reduced, 
though the effect of this may be very slight. At the least, however, it 
appears that the rock beneath the stream will be less softened than that at 
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the same level in the interior· of the.hill. If this conclusion be correct, ·· 
and it seems to correspond with observed fact, it is one of no little 
importance in the driving of adits for. the unwatering of mining ter­
ritory. It is quite customary to drive the a:dit up the valley for some 
distance before striking in b8neath the bluff~ under the general impres- · 
sion that the labor of excavatio1;1 will be less. Precisely the opposite 
method of ·procedure .is indicated, for, besides the greater ease of 
driving the adit, there is the possibility of crossing new leads along 
its course. . 
··We apprehend,· however,-that under the summit of the ridge the 

rock would likewise be f01ind hard, and that the greatest probabilities 
of encountering soft. rock, ·and of ·making new discoveries of ore, 
would be found beneath the brow. of the ridge, and that, therefore, 
whenever practicable, it is b~est to drive the adit neither beneath the 
bed of the v'alley, nor the summit of the ridge, but at the interme­
diate position indicated. 

lQ. ]/ow· to follow leads. It is a not uncommon occurrenGe that, 
in following a lead, it is lost. A common case is that in which a 
creyice ceases at the intersection of a cross. crevice ~nd. the lode is 
transfet~red to a fissure on ~he one side or the other, and .must be sought 
for either at the right or the left, the phenomena bei.ng known as a 
"shift," 'L throw," or "h~ave." It is, of course, of much practical 
importance to the.miner.to know in which direction:to.search for his 
lost lead. It should be understood that these" throws," or "heaves," 
i.n our region are not of the same nature as those to which these terms 
are. properly' applied, n~mely, to .cases in which the rock has actually 
been shifted by fault and th~ identical crevice has been shoved to one 
side. Ours are simply cases in which the fracture ceased at a crossing 
and .. anotl;er fr~ctnre, at one side or .the other, took its place. It is 
mauifest, therefore, that no definite rule as to. the distance at which· 
the lode may be found can be laid down, as in the case of regions 
\vhere the shift has been .caused by faulting, for the extent of a fault, 
when once determined, is fou~d to be practically uniform for' the dis­
trict, but the point at which the fracture may oceur would be uncer-
tain. In the case of faulting, the direction of the shift is absolutely· 
1mifonn and certain for any given system. It is not so certain that 
any absolute rule is applicable to our mines. Yet the curren~· testi­
mony of miners, so fa~. as we have been able to gathe~ it is, that the 
shift is to the left. The real guide, however, in these cases is the di­
rection of the original drainage since the subterranean waters are the 
source of the depo.sit. T~1e course which that pl~rsue_s can generally 
be determined by close inspection of the phenomena of the lode. 
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Oftentimes, where there is no copious drainage, the oozing of r:wist­
ure on one side rather tha·n the other, or greater dampness, will s_ug· · 

. gest th~ line of drainage, though these indications 1ilay occasionally 
prove fallacious. Again; leads are ·sometimes lost because they drop· 
below or ascend to a hi()'her stratum. ·To these cases the same· 

0 . 

rule derived from the drainage is ·applicable. In general, the vertical· 
shift will be in the direction of the dip of the strata, for the man~fest·· 

·reason that.this .. generally controls the direction of descent of the. de-
. positing 'vaters. Oftimes the course which a lo.4e has taken will ~e 
indicated. by little sheets of ore that have. branched off on ·one side of 
the.lode previons to its giving out. 'These will be found to mark the· 
channels through which the water has passed to a parallel lode which 
tak~.s the ore. Of cont·se, in no case is there a better guide than to 
follow scams and strings of ore, where such can be found. 

To these are to be added local rules of doubtful application in 
general. 

Probabilities of ore below given horizons. Where lodes have been 
1nined in the upper measures of the Galena limestone, ~nd work has 
been suspended by reason of water or other practical difficulties, there 
is strong presumption of valuable deposits below. These may be 
shifted along the crevice or to one side, according to the drift of sub­
terranean dminage. The relations of the" twelve foot opening" de­
posits to the ''sixty Jive foot opening" at Muscalunge may be studied 
with profit on this point. 

In the middle· and lower portions of the Galena ·limestone where 
lead ore alone has been found at higher horizons,. we deem it alto­
gether probable that mixed lead and .zinc ores occur. The progress of 
mining seems to indicate that zinc ores are more widely and abun­
dantly distributed in the lower beds than has been heretofore supposed. 
It may be quite unsafe to assume that beneath all the lead deposits 
there is a corresponding formation of zinc, and that every crevice that 
is lead-bearing in its upper reaches will develop zinc below, but such 
is the general tenor of evidence, and the general presumption is in 
favor of this ·as a rule. It "\vould manifestly be of the greatest im­
portance, if it were possible, to determine any definite ratio between 
th~ amount of lead in the upper beds and that of zinc below. In our 
previous discussions, pages 472, 488, we have alluded to this subject 
and have given some facts bearing upon it, facts which, we think, have 
not been generally known, or appreciated, in their bearing upon this 
important practical question. If the results of experience in a fe·w of 
the most important mines of the whole .regio~, from which the most 
of reliable ~tatistics have been obtained, are to be taken as fair repre-
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sentatives of the general fact, which iay be donbted, we shall' be j~s­
tifled in conCluding that an amount of zinc equivalent to that of lead 
might not be far from the general rule. But I niust say, candidly, 
that I deem such a deduction too uncertain to be much trusted. But 
that greater richness in zinc in the lower beds is being, and is likely 
to be developed, than has. heretofore been indicated by some of my 
official predecessors seems to me scarcely questionable. I incline to 
the judgment, therefore, that this region, in which the annual zinc · 
product already far-surpasses that of lead, and which should rather be 
called now the zinc district than the lead region, will contin,ue to de­
velop an increasing relative importance in the latter resource. 
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_APPENDIX. 

STATISTICS OF .COPPER PRODUCTION AT :MINERAL 
POINT. 

Quite recently some old memoranda relating to copper production 
at Mineral Point have been found, and Mr. W. T. ~enry has kindly 
collated the following items: -. · .. 

' :. . .. . ·• .. 

COPPER MADE AT "PRESTON & CO.'s" FURNACE AND .SHIPPED EAST. 

Pounds. 
1841. First lot, shipJ?ed via Galena, ·m~ .................. ~......... 6, 982 

Jan., 1842. Second lot, s_h1pped via Milwaukee, Wis........... ...... .. .. 13,505 
Jan., 1842. Third lot, shipped via Milwaukee, Wis...................... 10,000 
Nov., 1842. Fourth lot, shipped via Galena, Ills.......................... 21,604 
May, 184:3. Fifth lot, shipped via Galena, Ills ••••••••••• ~ • • • • • • • • • • • • • • 43, 278 
May, 1843. Sixth lot, shipped via Galena, Ills. • • • • • • • • • • • • • • • • • • • • • • •. • • • 8, 000 
Oct;, 1843. Seventh lot, shipped via Galena, Ills............ • • • • .. • •• .. • 21,043 
Nov., 1843. Eighth lot, &hipped via Galena, Ills ..•••••••••• ·••••.•••..••• 5,494 
Feb. 15, 1844. Sent. to Galena, Ills., to A. C. Davis ..... ··............ . .. • 14,866 
June, 1844. Sold to Smith & Carter, Galena, Ills ....... ·........... ... .. 11,515 
Aug. 18, 1844. Sent to A. C. Davis, Galena,. Ills ........................ o. 6,206 
Aug. 23, 1844. Sent to A. U. Dav~s, Galena, Ills .................. o ... o•... 1,623 
Oct. 23, 1844. Sent to A. C. Davts, Galena, Ills ••••••••••.•••••••• o...... 5,444 
Nov. 23, 1844. Sent to A. C. Davis, Galena, Ills ..... oo •• oo ... ~.. •• • • • • • • 6, 021 
Nov. 23, 1844. Sent to A, C. Davis, Galena, Ills ...•••••••••• o ..... o...... 7,699 
June,. 184.5. 8ent to Smith & Carter, Galena, Ills· o •• o •••••••• o ••• o • • • • • 11,502 
July 15, 1845. · Sent to Smith & Carter, Galena, Ills .•••••••••• , •••••••• o • 4 ;242 
Sept. 17, 1845. Sent to Smith & Carter, Galena, Ills ........... ~.......... 8, 740 
April, . 1846. Sent to Smith & qarter, Galena, Ills • • • • • •• • • •• • • •• . • •• • • • 9,135 
Oct. 21, 1846. Sent to A. C. Davts, Galena, Ills.......................... 1, 389 
Oct. 30, 1846. Sent to A. C. Davis, Galena, Ills ....... ~ •••• ··-•. •• • • • .. .. 4,459 

Metallic copper ....•..••••••.•••••..••••••••••••••••• , • • • . • • •. . . • . . 217, 702 • 
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COPPER ORES RECEIVED FROM CHARLES BRACKEN. 

PerCent. 
·Pounds. Yielded. 

Sept. 3, 5, 1842. 
Sept. 3, 5, 1842. 
Sept. 3, 5, 1842. 
Oct. 10, 1842. 
Oct. 11, 1842. 
Nov. 23, 1842. 
Nov. 23, 1842. 
Feb. 15, 1848. 
March 16, 1843. 
April 6. 1843. 
May, 1843. 
July 21, 1843. 
July 24, 1843. 
Oct. 23, 1843. 
Oct. 23, 1843; 
April 24, 1844~ 
April 24, 1844. 
May 27, 1844. 
May 27, 1844. 
May 27, 1t44. 
Nov. 7, 1S44. 
Nov. . 7, J844. 

First pile . • • . . • • • . . • • • • • • • • • . • • • • . • • • • • • • • • • • 40 ,ooo 
Second pile of smalls ...••.•••.•••••••••••. , •• 107,200 
Second pile of prills • • • • • • • • • • • • • • • • • . • • • • . • • • 25, 486 
Frills. . • . . • • . • • • . • . • . • • • • • • • . • • • • • • • . • • • . • • . 22, 500 
Smalls . . . • • • . • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • 81, 777 
Smalls ••••••••• , • • • • • • • • •••.. _ ••.•• ,•. • • • • . • • 57,684 
Prills ••••••••.•.••••.•••••••••••••••.••••.• ; 1R. 720 
Frills ••••••• · ••••••••••••••••••••••• ·•••.•••• 17 ,69~ 
Pr!lls .· .•••••••••.•••••••••••• •. • • • • • • • • . • • • • 15, 000 t 
Prdls ..••••••••••••.•••••••••••.•• ~ • . • • • • . • • · 3, 500 f 

. Smalls • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • . 32, 034 
Smalls .•.•••••••••••••••.•••.••..•••.••..••• 160, 731 
Prills . . • • • • • • • • • • • • • ••••••••••.••••.•• ; • . • . i:$4:, 510 
Smalls •••••••••• · •••.••••..••••••..•••••• ·•• • • • 80, 850 
PriUs ·············•••••o•o••··········~··o••• 19,617 
Smalls . • • •••••••.••••••••. o ........... o... 51,224 
PriUs ..•.••.•••••••••••.• •· ..••.•• ; ••••.•••• 11,520 
Sn1alls ..••••.•••••• ~ •••••.•.•• ;.............. 39,598 
Prills . . . . . . • . . . . . • • . . . • • . • • • . • • • . • • • • • • •.• • • 11 ,400 
Prill.s (mixed with galena) .••.••••••••••••• o •• • 3, 686 
Smalls • ~ • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • . 28 ;861 · 
PriUs •.•.•••.••••• ~........................ 14;644 · 

Copper ores. • • • • • • • • • • • • • • • . •· ••• ~ ~ ••• ; •• •. • • • • • • • • • • • .• 878 , 244 

COPPER ORE PURCHASED IN 1844. 

33 
9 

12 
32 
29~ 

3Q 
10 
lOU 
34 
10% 
237f 
11 
287f 
77f 

327f 
13 
7 

24 

· PerCent. 
Pounds. Yielded. 

From James Wasley~ Co., priUs-.~... . • • •• • • • .. • .. • • •• • • •• • • • 6, 708, 30 
From James Wasley & Cu., gossans ••••• ·• ••·.. •• • • •• • • .. .. .. • • • 48,600 10 
From Sterling & Phillips, gossans ...•••••••••••••• • ••••••••••• ·• 20, 916 10 
From Sterling & Phillips, priUs .•••••• · ••••••••.••••••••••• ~.. • 6, 720 30 
From S. B. Ballard, prills....... .... ... • • • • • • • • .. • • • ... .. • • .... 3,060 29%' 
From S. B. Ballard, prills. . . .. .. .. .. • • .... • .. • •.• • • ... • ... .. 9, 000 177f 
From James Wasley & Uo., priUs . . • • • • • • • • • • • • • • • • • • • • • • • • . • • • 142, 285 30 
From Iowa Copper Co., prills .....• · •••.•••• o................... 805 8 
From Iowa CopperCo., ~ossans ......... ·.:. o..... . .. . . . . . . . .. , 520 21 
From James Wasley &.Co., gossans ............................. 30,955 10 
From James Waslt:y & Co., gossans .• ·• ·••• ••••••••.••••.••••••• 25,575 · 10 
From James Waslei& Qo., priUs._. .•••••••. · ••. · •.•••••.•••••••• 10,815 30 
From Stephen and J. Pr1deaux, pnlls .... · ........... ·•• ... • ... • • 7, 985 30 
From Stephen and J. Prideaux, gossans . • • . . . . . . . . . • • • • • • • . • • • . 25,095 9 
From Iowa Copper Co., prills and gossans mixed . ................. 5,836 · 117f 
From Johnson Glanville, priUs ......... '........................ 5,0)0 16 
From S. B. Balla1:d, priUs. and gossans mixed · .• ·• • • • • . • • • . • • • • • • • 25, 000 8 
Froni·,John Prideaux.&.Co.,.gossans ................ •· •• .. • • ••••• 3,040 9 
From John Prideaux & Co., prills· •...•. o ••• •· : •• o. •·.. •• .. •• • • • 396 26 
From Iowa Copper Co., gossans ...•.•• · ••••••••• ·.- ••• •·.......... 2. 775 8 
From Iowa Copper Co., priUs ................. ~................ 500 21 
From John Prideaux. prills and gossans .••• ~ ••• •. • • • .. . • • • • .. .. 9, 9.50 117f 
From ·Johnson Glanville ..•••••.••••••••• • .•••.••••••••••••• ·,. 1,066 47f 
Fro1n Kenall & Co .•••..• ·· ••••• : •• •• • ••••• · •• o. •·..... • • • • • • • 2, 880 287f 
From Kenall & Co ...................... • ..... ••· .... · •• •·....... 10,245 15% 
From Kenall & Co .•••••••••••.•••••• •. • ••• •. •·.............. 9, 017 9% 
From Ken all & Co .••.••••..•••••.• • ••• .-. • •· • ......... .-..... . • • :::no 10 
From Kenall & Co .••••••••••••••• •· •••• • •••••••• •............ 2, 403 · 2472' 
From Kenall & Co .•••• • •••• ·· •••••••••••••••• • •: ••• ~·· : ·••••••.• 5,600 9% · 

Copper ore • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 295 , 4 71 

1¥ .? I! •. ; $ "! ..,. 

I; 



APPENDIX. 

COPPER ORE PURCHASED IN 1850. 

Pounds. 
From Joseph Stevens, May 20, 1850 .. . • • • .• • • • • • • • • • • • • • • • • .. • 3, 020 
From Joseph S~evens, May 20, 1850 .... ,'. • .. • .. . • • . • • .. • • . • • • 13,923 
From Robert Richards, June 8; 1850 . . . . • • . • • • .• • • • • • .. • • .• • • • 1,158 
From Robert Richal'ds, Juue 8, 1850 . .. . • • . . . . .. . • • • • •• • • ... • . 1, 759 
Fro~ George and Richard Odgers, June 10, 1850 ..••.••• "'... •. • • . 1,906 
From George and Richard Odgers, June 10. 1850 . . . . . . • • . . . • . • • • 6,820 
Prom George aml Richard Odgers, June 17, 18.50........... •• • • • '610 
From George and Richard Odgers, June 17, 1850 . . • • . • • • • • • • • • • . 3, 954 
From Woodma.n, June 17, 1850 ................. ~.............. 1,312 
From Woodman, June 17, 1850... .. • • • . • . .. • • ... • •• •• •• • • •• .. • 5,809 
From G. Odgers, July 1, 1850..... •. . . . . • • .. • . .• • • •• • • .. • .. • • • • 10,407 
From G. Odgera, July 1, 1850 ................................... 2.593 
From Joseph Stevens, July 3, 1850 .. . .. . . • • • • • • .. • • • • • • .. • • • • . 3, 793 
From Joseph Stevens, July 3. 1850 . .. • .. • • • • • • • • • • .. • . . • • • •• • • • 1,125 
From C. Beach, Sept. 16, 1850 . . . • • . • • • • • • . • • • •• . • • . • • • . . • . . • • • 11,438 
From C. Beach, Sept. 16, 1850 ...................... ~.......... 21 ,373 
From Joseph Stevens, Oct. 2, 1850 .. • • .. • • • • • • .. • • • • • • . • • . • • • • . 1, 957 
From Joseph Stevens, Oct. 2, 1850 ............................ ; 3, 518 

Copper ore............................................... 99,475 

571 

PerCent. 
Yielded. 

45 
15 
31 
11%' 
20~ 
5 

23% 
8 

22 
5~ 

11 
27 
15~ 
46 
19 
7 

39 
15 

COPPER ORES SHIPPED BY TOAY & SPENSLEY TO POPE, COLE & COMPANY, 
BALTIMORE, MD. 

Oct. 15, 1875. 18,352 ll>s. produce 7 1-10 per cent; price, $2.80 per unit .•.. $208 48 
Freight .....•••••.••.•.•••••.•••• ~...... • • • •... 93 80 

Net .•••••••• · ••.•••••••••••••••...••••• $114 68 

Nov. 2, 1875. 15,377 llls. J>roduce 21 6-10 per cent.; price, $2.80 per unit .. $531 43 
Freight . . • • • . • • • . . . • • • • • • . • • • • • • . . • • • • . . . • . 102 00 

Net .•••••••••••.•••••••.••••••••••...•. $429 43 

Jan.18, 1876. 19,050 ll>s. produce 20 8-10 per cent.; price, $2.80 per unit .. $633 98 
Freight . ..• • • • • • • • • • • • • • . . • • • . • • • . • • • • • • . • • • • 120 00 

Net ..••.••.•••••••• · •••••••••••••••.•.• $513 98 

Apr. 28, 1880. 82,826 lbs. produce 7 3-10 per cent.; price, $2.80 per unit .•. $846 48 
-.\ -- Freight ...••••••..••.•••••••..••••••..• ·. . . • . 565 11 

· Ores .••• 135,605 
Net ..•••• ;............................ $281 37 

COPPER ORE SHIPPED BY W.M. T; HENRY TO RANEY, CHfSE & CO., CHICAGO,· ILLS. 

~ov. 4, 1880. 21,033 llls. assay 24.02 per cent.; price, $2.30 per ';llit. 
Nov. 4, 1880. 2,260 Ths. assay 9.75 per cent.; pnce, $1.80 per umt. 
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PART V. 

THE QUARTZITES 
OF 

BARRON AND CHIPPEWA. COUNTIES. 

COMPILED FROM THE NOTES OF MESSRS. STRONG, SWEET, 
BROTHERTON AND CHAMBERLIN. 
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QUARTZITES OF BARRON AND CHlPPEW A. COUNTIES. 

Out from the prevalent drift of the region there stand forth a few 
ridges and domes of quartzite which portray the existence of a forma­
tion which might otherwise be wholly unsuspected in the region in 
which it occurs. Of these, a. single massive ridge lies south and west 
of the great bend of the Chippewa river. (T. 32, R .. 7 W.), and it is 
doubtless this resisting mass lying athwart the course of the Chip­
pewa ri ''er that has caused the notable deflection of its course at this 
point. The remainder of these quartzite protuberances are closely 
clustered in the eastern margin of Barron county, .in the townships of 
Sn~nner and Rice Lake. (T. 34 and 35; R. 10 and 11 W.) A· s'ingle 
low outcrop in Sec. 16, T. 38, R. 8 W. indicates a northerly extension 
of the formation, and completes the meager means of information at 
our command. To the eastward, in close· proximity, lies the great . 
central area of the Laurentian granitic series. To the south and west, 
in equally close proximity, lies the Potsdam sandstone as the preva- · 
lent snperficial formation. To the northwest lies the Keweenawan or 
copper-bearing series. These relations, together with the lithological 
character of the rock; lead to the presumption that these are but 
points on the outcropping margin of the great 1-Iuronian series which 
here comes forth to the surface on the margin of the Laurentian area, 
being buried on the southwest by the Paleozoic, and on the northwest 
by the Keweenawan series. 

If we ~earch for similar outcropping marginal portions, we may find 
them by passing southeastward over an interval of 140 miles to the 
quartzites of the Baraboo region, or southwestward, about an equal dis­
trtnce, t9 the quartzites of New Ulm, }linn., or still farther to tl1e south· 
west, to the Sioux quartzites of Iowa .. The probable geological equiva­
lent of this may also be found in the ·Penokee range, distant only about 
thirty-five miles to the northeastward. And again in the ~ienominee 
range~ directly across the Laurentian area, 130 miles to the eastward. 
Or, taking the Laurentian nucleus as. a point of view, the quartzites 
in question border it on the west as the Penokee range does on the 
north, the Menominee range on the northeast, and the Baraboo ranges 
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on the south. The reference to the Huronian age is sanctioned by this 
relationship to the Laurentian area and the Paleozoic formation, and 
by the lithological similarity to the quartzites of the areas already 

. mentioned, and, more ·remotely, to the Huronian of Lake Superior. 
The q nartzite range of .the great bend of the Chippewa was first de­

scribed by Mr. E. T. Sweet, in 1875.1 
. The following is his descrip­

tion: 
"A new quartzite locality was discovered on Sec. 6, T. 32, R. 6 W., 

during the descent of the Chippewa. It forms a hill about three 
hundred . feet in h~ight, and three or four miles in circumfer~ 
ence. The lowest stratum of the formation is reddish metamorphic 
conglomerate, having a thickness of three hundred feet. The pebbles 
are seldom over an inch in diamet.er and are either ja~.;per or amor­
phous qua!tZ. The matrix consists of reddish grains of quartz. 
Above the COf!glomerate is a bed of reddish quartzite four hundred 
feet thick. The_ grai~s of quartz of which the layers are composed 
are much more distinct than in specimens of quartzite from the 
Baraboo. :Hills of Sank county. A _depression in the side hill one 
thousand feet _across, c9mes in above this quartzite upon which ex­
posu~es we·r~ ~ot found. . Th·e sp~ce is probably occupied by some 
softer rock than quartzite. Above this arised the main hill of the 
quartzite. In every respect the rock is similar to that mentioned 
above. The entire thickness of the formation is not far from five 
thousand. feet. Both the conglomerate and quartzit~ are distinctly 
.and heavily bedded. The strike is north t.welve degrees west, and the 
dip sixty degrees to the west. · Careful observations were taken with 
the dip compass, and also with the magnetic· needle, with a view to 
discovering magneti~ ore deposits. No undue attraction, however, 
was observed. 

"One and three-quarters miles .from the· exposures of quartzite, 
syenitic granites which may be assumed Laurentian in age were found 
in the banks of the Chippewa striking north fifty degrees east, and 
dipping high to the north. From the persi.stency of the strike here 
~nd at Little Falls, two miles belqw, it may b.e assumed that the quartz­
jtes and conglomerates unconformably overlie the Laurentian granites 
and svenites.". 

M; Strong visited this :r:ange in 1877, and described an outcrop of 
quartzite on the S. E.! of the S. E.! .of Sec. 2, T. 32, R. 7 W., the 
!ock of which ~s of a light red color, very hard, and composed of in-

' . t Notes on the' Geology of Northern Wisconsin. Transactions of Wisconsin Academy 
of Sciences, Arts and Letters, Vol. ~n. 
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durated sandstone, the. individual grains of which were sometimes 
perceptible. The mass is intersected by numerous veins and irregu­
lar patches of milky white quartz. One series of joints has a strike 
of S. 50° W., dip 90°. Another series bears N. 60° W., and dips 77° 
southwest. Still another series of pla1ies dip 37° S., 60° E. These 
Mr. Strong regarded doubtfully as the planes of bedding. Some por­
tions of this quartzite are conglomeratic, the pebbles varying in size, 
but always small. On theN. E. i of Sec. 1, T. 32, R. 7. W., the hill 
reaches the greatest altitude of the region, being- about 500 feet above 
the Chippewa. This portion is composed of quartzite, like that already 
described, the planes ~f b~dding and occasional lines of stratification 
being at one point very plain. The strike is N. 38° E., and dip 64° 
N. W. .About 100 feet eastw!lrd of this, Mr. Strong notes the 'strike 
as varying from north and south to north 18° E., and the dip 60° to 
N. W. The mean of a large number of observations subsequently 
taken on this ridge gives a strike of N. 10° E., and a dip of 60° N., 
80° w. 

The writer visited this locality in 1879, .but with too little time at 
command to add mnch· to the foregoing description, further than to· in­
ci·ease the observed \Tariations in dip and strike, which indicate con­
siderable warping of the formation, and suggest the vicinity of an 
anticlinal axis. 

In Barron county, the quartzite exposnres lie southeast of Rice 
Lake, and east and northeast of Sumner, and are nearly all. inclosed 
within an area of about six miles in diameter. The most nortb·west­
erly and one of the most conspicuous consists of a high prominent 
1:idge starting in the N. vV. i- of Sec. 31, T. 35, R. 10 W., and stretch­
ing thence northeasterly. The· southeast face is steep and covered 
with a vast mnltitude of loose blocks which have fallen from above 
and almost completely concealed all the undisturbed beds. The range 
exposes this talus-covered fac~ for over a mile along its southeasterly 
front. Near the sum mit of the range, rock in situ shows a dip 
nearly dne north of about 17°. The north slope of the range is more 
subdued, and is concealed by ordinary soil and drift. From the dip 
and brittle, though re8istant, nature of the rock, it is not difficult to 
understand the abrupt and broken southeasterly face, it being but the 
fmctured edge of the obliquely protruding strata. .A similar and 
nearly parallel range commences at the N. E. !, Sec. 31: T. 35, R. ] 0 
w·., and continues along a general trend of abont N. 30° E., for nearly 
four miles, with frequent outcrops of quartzite along its course. 
These exposures are quite numerous along the old Court Oreilles In­
dian trail, and on all the small ravines cutting down to the creek 

VoL. IV.- 37 
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The quartzite of these two ranges, and, indeed, of the whole region, 
with trivial variations, is a hard; red, well metamorphosed rock de­
rived from quartzose sandstone, the constituent grains of which are 
often clearly discernible. · The original bedding planes, lines of lam­
ination, and occasional ripple-marks remain as witnesses to its origi­
nal sedimentary origin. The induration has been snch, however, as 
to obliterate, in many cases, its original granular structure, and, in al­
most all cases, to ha~-e destroyed its original cleavage and given to it 
the irregular glassy fracture common to homogeneous, vitreous rock. 
Its brittle character and great endurance of meteorological agencies 
have undoubtedly given rise to its conspicuous tendency to cover all its 
precipitous slopes with immense acc.umnlations of. bare, angular 
blocks thrown down by water, frost and other meteorological agencies. 

These are the accumulations which are appealed to by the awe­
struck tyro as manifest tokens of some great volcanic eruption by 
which these were hurled up on the sides of an evident crater. 

To the northeast both these ranges coalesce in the general rolling 
heights of that region, but become concealed by drift soil and only 
indicate their presence by quartzite fragments mingled with the 
soil. 

At a few points among the quartzite ledges small seams of hema­
tite appear. 

Somewhat to the east of these lies the pipestone belt, em bracing the 
locally celebrated catlinite locality. The pipestone appears at several 
localities, but the renowned Indian quarry is loc~ted in the S. E i of 
the S. E. f- of Sec. 27, T. 35, R. 10 W. The pipestone het·e is very 
dark red, soft, sometimes ripple-marked, seamed and banded with 
light colored quartzite. This stone also .gmduates into a siliceous, 
schistose rock unfit for pipes. At the q narry, which occupies the sum­
mit of a hill, the Indians have broken up the surface layers over an 
area of about twenty-five feet square, but nowhere have they dng 
more than three feet below the surface; so that. the quarry is rather 
one of renown than .of extension. · The upper layers are the mo1·e 
schistose, the inter.ior beds being less so and softer. The catlinite is 
easily .and successfully wrought when fresh, bnt hardens somewhat on 
exposure to the air. 

In the S. E. l of Sec. 25, T. 35, R. 10 W. is a very dark red, sili­
ceous rock, somewhat harder than the pipestone (hardness about 2.50), 
bnt qnarries in large regular pieces often three or four feet in length, 
and one to six inches in thickness. · Its surfaces are beautifully ripple­
marked. It seems to have a con8titution closely similar to the pipe­
stone, but is harder and contains very small scales of white mica. It 
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would form a very handsome building stone. Its entire thickness 
was not exposed. It is tinderlain by the t-isual quartzite. 

Near the center of Sec. 29, T. 35, R. 9 W. occurs a small ledge of 
red quartzite in the valley of the Pokegoma creek. To the eastward 
of this no exposures have been actual~y observed by us, though from 
the constitution of the drift there is little doubt that it extends east­
ward. 

Qnartzite is reported o~ the Soft Maple crJek, a tributary of the 
Ohi.ppe~m, and in the vicinity, lying four or five miles west of the 
Chippewa river, but this has not been verified by us. 

In T. 34, R. 11 W., on the west side of the Pokegoma creek, there 
is a conspicuous ridge of quartzite about· three miles in meridional 
diameter, and about two in width, the rock of which, so far as ex­
posed, pt·esents the characteristics above described. 

To the east of Sumnl?r, the N. E. l of Sec. 31, T. 34, R. 10 W., 
are outcrops of a singular: and interesting conglomerate. The frag­
ments are composed of light red quartzite jn angular or very slightly 
rounded forms. These masses lie closel.Y but very irregularly disposed 
toward each other, with numerous joints, fissures, and irregnlar angular 
interspaces between them as though they were the talus of an adjacent 
cliff of quartzite, though no such cliff is now to be seen. The frag:­
ments in general are conspicuously angular, though some have been 
somewhat rounded, indicating moderate attrition at the time of their 
accumulation. The matrix consisted originally of sand, somewhat 
lighter in color than the quartzite fragments. This is notably Jess 
h1dnrated than the inclosed qnat·tzite, and yet is quite solid and firm. 
It:S constitnent gntins have not, however, been obliterated. In indm·­
ation and compactness jt lies abont midway between the quartzite and · 
the Potsdam sandstone,. which is reached in wells in the immediate 
vicinity.. The induration of the matrix seems to the writer to be 
rather dne to cementatioti, than to thet·mal or mechanical metamor­
phism. Its hardness was such, however, as to lead .1\fr. Strong to the 
conviction that it should be classed with the IInronian. My own in­
clination, however, is to regard it a Silnrian conglomerate formed along 
a beetling cliff of quartzite standing forth in the Potsdam seas, and, 
of course, contemporaneous in origin. with the adjacent Potsdam sand­
stone, its exceptional in~nration being due, as before suggested, to 
cementation. No simple quartzite, howevet·, was observed in the 
vicinity, though the extent of the exposure was not such as to make 
this negati,·e observation of. much weight. 

The above descriptions are based mainly upon the notes of Mr. 
Strong. Beyond question other exposures than· those. here noted 
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might be discovered upon a more minute search, but the dense cloth­
ing of the forest, the resulting vegetable Clebris, and the general 
concealment by the drift, render miscellaneous search tedious and 
unprofitable. With the clearing away and settlement of the region, 
and the excavations incid.ental thereto, additional details, among 
which the junction of the Potsdam with the IIuronian will very 
likely be developed. 

An attempt to trace the northward extension of this formation, 
made in 1877 by Mr. Brotherton, resulted only in the discovery, in 
Sec. 16, T. 38, R. 8 W., of a ledge of red, grant1lar, and· in part con­
glomeraticquartzite,in every respect resembling that of the pipestone 
region, and undoubtedly belonging to the same series, indicating that 
the outcropping portion of this formation has a north and south extent 
of about forty miles, with a probable width of not more than twelve. 

It is by no means certain that there is a surface connection between 
the quartzite range near the big bend of the Chippewa river and those 
in the vicinity of Rice Lake, nor between these and the last named 
outcrop to the northward. It is. not impossible that the Potsdam 
sandstone reaches ~cross to the Laurentian between these and conceals 
the connectiug portion of the Huronian quartzite. That it once did 
so is rendered more than probable by the occurrence of the sandstone 
on Elder Creek. in the N. vV. t of the N. vV. t of Sec. 29, T. 35, R. 
7 W. The· formation here occurs in a low exposure in the banks and 
bed of the stream, and consists of a gray sandstone, str,eaked in places 
with red; hard upon the extet·ior, but friable within. No fossils were 
discovered, but, from its position and character, it ·is referred with 
confidence to the Potsdam period. 

Though possibly therefore incrusted with Potsdam sandstone, the 
fact that, between the known exposures of· quartzite, high rolling 
ground, in genera], intervenes,. leads to the presumption that quartzite 

immediately underlies the drift thronghont most, if not all, tl~e inter­
mediate region. It has been therefore so mapped, but, except in the 
vicinity of the exposnrt:.s described, .the outline is to be regarded as 
entirely hypothetical. 

The main circumstance to _which;this general concealment of a 
formation which,' from its resistant character, is wont to be notably 
proto berant, is due, is the fact that the b~lt is overlain hy a great 
moraine, whose location here may perhaps have been in some measure 
determined by the high quartzite rim of the Chippewa basin, which 
was already presented as an obstacle to the ice stream descending the 
valley. The moraine, \vhich is continuous with the kettle moraine of 
eastern vVisconsin,_ crosses the Chippewa just ·below the quartzite 
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range at the great bend, and shortly curves to the northward, rnnning 
uear the line between Barron and Chippewa counties, and so over­
lying the supposed connection between the quartzite on the Chippewa 
and that in Barron county which lies on the west side of the moraine.1 

On either flank of the moraine, the bowlder clay and ·lacustrine and 
fluviatile modified· drift extensively occupy the region, being rarely 
interrupted except by the protuberant domes. and ridges of quartzite. 

1 See Plate XXXVII, Vol. III, p. 383. 
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INTRODUCTION. 

What might have been presented in the place of the following 
report had not that fatal accident occurred which closed the labors of 
the lamented ::1\Ioses Strong can only be conjectured; as it is, the work 
that has been done in the upper Flambeau valley can be looked upon 
as little more than a reconnaissance of its two main streams. The 
small amount of time which circumstances left available for this work, 
the large amonnt of wholly uninhabited territory to be traversed, 
unfavorable weather, low water h~ the strea·ms, making it necessary 
often to drag or carry the canoe over considerable distances, the inac­
curacy and incompleteness of the government survey thronghont 
m nch of the region, all conspired to make an,ything like complete 
work impossible. 

The field wod\: was done during the fall of 1877, and was taken up· 
October 4th, at Flam beau, where Mr. Strong had dropped it. From 
~I uskalonge Falls, at Flambeau, the ascent of the North Fork was 
made to the mouth of Turtle Ct·cek, and the latter stream then fol­
lowed to its source in Turtle Lake. After returning to the month of 
Turtle Creek, the course of the Mana.dowish was pnrsued throngh 
Cross, Island and Boulder Lakes to Sec. 16, T. 42, R. 7 E., where a 
portage of four miles was made to Trout Lake. Tl'Ont Creek was 
then followed to Sec. 8, T. 41, H.. 6 E., where a second portage was 
made to Swamp Lake. Pokegama Lake was next reached, by two 
portages and an intervening lake, from which we passed to Lake 
Flambeau; and here another portage of some eight m·iles was made, 
to a small lake in T. 39, R. 4 W., from which a small stream leads 
throngh Squaw and Pike Lakes into the Dore Flam beau. It had been 
om· plan to descend the Dore to its month, and then return to Flam­
beau by the Nm·th Fork; but a log jam about fom· miles in length, 
beginning at the center of Sec. 17, T. 37, R. · 2 \V., made a change 
desirable, and we returned to Fifield and crossed to the North Fork 
at Flambeau. On the night of No,·emher 5th, when we had reached 
the center of Sec. 22, T. 39, R. 2 W.,· the rivet· closed with ice. This 
necessitated the abandoning of the canoe~ and the packing of speci-
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mens, provisions and camp equipage; and rendered it desirable to 
avoid all travel not absolutely e:5septial to the work before us. As it 
appeared probable from the heavy drift accumulations that few, if 
any, ex.posures of rock would be found along the "Big Bend" of the 
Flam bean in T. 39, Rs. 2 and 3 W., the course of the stream was aban­
doned at a point in Sec. 19, T. 39, H. 2 W.~ and taken up again in Sec. 
26, T. 39, R. 3 W., and pnrst~ed to its confluence with the Dore. On 
reaching the month of the two streams, a considerable fall of snow 

. made it necessary to close. work, and left but a single day for the 
examination of the unexplored portion of the Dore Flambeau. This 
stream was .examined, therefore, only as far as the center of Sec. 2"7, 
T. 36, R. 3 vV., and there still remains an unexplored gap of about six 
miles, along 'vhich several outcrops probably exist. 

While it is not probable that any considerable number of rock ex­
posures exist betweeri the two forks of the Flambeau away from the 
immediate vicinity of the water courses, silence in regard to this 
territory is d i1e to the fact that, with few exceptions, no excursions 
were made back from the streams more than half a mile; and 
throughout the report which follows, all statements, unless otherwise 
indicated, are to be regarded as based upon such observations as were 
made from the canoe, or from the banks of the streams. It is to be 
understood, too; that no tributary to either of the two main branches 
of. the Flambeau was examined except \Vhere mentioned. 

In regard to previous literature relating to the geology of the region 
under consideration, there is to be mentioned the ''Report of a 
Geological Reconnaissance of the Chippewa Land District," by 
David Dale Owen, made to tho senate in 1848. 

Some of the lith_ological specimens collected were of so fine a 
texture as to reqnire miet~oscopic examinations for satisfactory descrip­
tions and classification ; and of these, thin sections were prepared by 
Julien, and described by Prof. Irving. His descriptions are added as 
an appendix to this report. · 

It is due to :Mr. Mark Stevens, an expert woodsman of Eau Claire, 
who acted as assistant and guide, to say that he did all that could be 
expected of a faithful and willing servant. 

F. H. K. 
RIVER FALLS, W1s., November, 1879. 
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THE ARCH~AN ROCKS . 

. The rocks here considered probably all belong to the Laurentian 
series. These, for convenience of treatment, will generally be taken 
up in the order of their discovery. 

About twenty rods above the Wis. C. R. R. bridge which crosses 
the North Fork of the Flan1bean river, the stream breaks over a 
rather heavy exposure of Gneissoid Granite (1), forming a long, 

steep rapids known as Mnskalonge falls. The great bulk of this 
exposure, lying mainly on the north side of the riyer, is a coarse, 
faintly pinkish and bluish white rock, which h~s so resisted disinte­
gration as to retain upon its surface some of the glacial scoriugs. 

'rhe granite beds are composed of feldspar •. presenting both plain 
and striated facets, those of the former being sometimes 6 c. m. 
across ·and occasionally imbedding quartz crystals of considerable 
size; irregular bunches of smoky and limpid (rarely greenish) quat;tz; 
and ferrite-stained muscovite, irregularly and sparingly distributed in 
thin plates, sometimes 5 m. m. or 10m. m. in diameter. 

Associated with the above at·e masses of coarse, light, flesh-red 
Pegmitic Granite (2), which possesses a nearly uniform texture and 
slightly joiuted fracture. It is composed of large cleavable, ferrite­
stained orthoclase crystals; lengthened, sometimes irregularly paral­
lel, bunches of dusky quartz, and a few flakes of muscovite. 

Adjacent to the granite masses are bands of gneiss, showing 
decided close contortion, and thinner bands of Mica Schist (3), 
which present a shimmering surface, finely speckled with black, 
brown and ·white. This schist is composed of about equal parts 
of evenly scattered, limpid and dingy, small rounded and somewhat 
angular grains of quartz, and small plates of black and brown biotite 
averaging about 1 In. m. in diameter. 

The strike is not acetirately determinable, but is evidently north of 
east, and probably lies somewhere between E. 15° N. and E. 25° N. 

Passing np the stream, from 1\Iuskalonge falls to the center of Sec. 
13, T. 40, R. 1 W., a second exposure of Granite (4), lying on both 
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sides of the river, .is reached. The on tcrops on both sides of the 
stream are small and low, presenting no bedding planes; but the one 
upon the east bank lies farther north, suggesting a strike to the east 
of north, and an intervening bed of' softet· rock, which has been cut 
away by the stream. This granite has a very coarse texture, deep, 
flesh-red color, mottled with black and light, and a:n irregular frac­
ture. Orthoclase, varying in color from bluish white to deep flesh­
red, and presenting facets 4 c. m. to 5 c. m. in diameter, comprises 
abont two-thitds of the rock mass. The deep red color is due largely 
to deposits of fet-rite npon and between the cleavage planes. Large 
and small bunches of dingy and limpid quartz are scattered between 
the crystals of orthoclase, and are sometimes imbedded in them. Dis­
seminated sparingly and irregularly, are also to be seen large and 
small plates of dingy yellowish and silvery muscovite. 

A little west of the N. E. qr. of Sec. 13, T. ·40, R. 1 W., np the 
stream frorn the last exposure and on the west bank of the river is 
another low, small ontcmp of Granite (5), differing from the last 
only in having. the quartz and mica relatively more abundant, and 
the orthoclase crystals smaller and more uniformly of a deep flesh­
red color. 

Crossing the principal meridian, there occurs at the N. E. corner 
of Sec. 32, T. 41, R. 1 E., a low small exposure of Silicious Horn· 
blende Schist (6), whose dark, weathered surface is deeply and 
])rofusely pitted with small, conical cavities. The rock has a fine­
grained, uniform texture, and yields with difficulty to the hammer, 
breaking with an uneven fracture. The fresh surface is black, glisten­
ing and closely. but vaguely dappled with white, which becomes 
yellowish on weathering. Small plates and blades of hornblende, 
which are both greenish and brown by transmitted. light, make up 
about seven-tenths of the rock, the remainder being composed largely 

of small, irregular and rounded, limpid and stained gr9,ins of quartz, 
uniformly scattered through the mass, and small bunches of shal.ite, 
from 1 m. m. to 2 m. in. in diameter. To the latter the dappled ap­
pearance and pitted, weathered surface are due. A few small patches 
and bands, more exclusively hornblendic than the mass of the expos­
ure, and composed of larger, lengthened, sometimes greenish needles, 
are crossed occasionally by small,· indistinct, light streaks bearing a 
few grains of iron pyrites. Specimens 2 e and 3 of the appendix are 
from this exposure. · 

A·short distance up the stream from the last, in the S. E. corner of 
the N. E. qr. of the S. W. qr. of Sec. 33, T. 41, R. 1.E., there is another 
exposure of Silicious Hornblende Scllist (7), rising scarcely .above 
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the bed of. the stream. It differs from (6) in being less micaceous in 
strncture, finer grained, and more brittle, in having a somewhat 
jointed fracture, and in wanting the peculiar aggregations of shalite. 
Some portions of the exposure, too, apparently cont:tin. some mica. 
Specimen (4) of the appendix is ft·om this outcrop. 

Where the river passes southward a little to the west of the center 
of Sec. 33, T. 41, R. 1 E., its channel is divided by an outcrop, and 
before the two branches meet again, an island of about 25 or 30 acres 
is inclosed. Across and up the stream, in the bend and on its south 
bank, in a direction E. 50° N. from the head of the island, is another 
exposure, rising some 15 feet above the bed of the river, and extend­
ing bnt a few rods back. The rock of the two outcrops is essentially 
the same,- a grayish white, darkly-blotched, coarse-grained Granite 
(8), which has a very uneven fracttue, and weathers almost white. 

A grayish white feldspar, with facets from 2m. m. to 6 m. m. in 
diameter, some of which are stt·i~ted and present a somewhat vitreous 

lnster, comprises abont · six-tenths of the ruck Both dusky a\1d 
translncent quartz are present in large and small irregular bunches. 
111usco\·ite plates, sometimes 12m. m. in diameter and 2 m. ni. thick, 
arc scattered abundantly th{·ongh the rock. Biotite plates are also 
present, bnt they are smaller and less numerous than those of the 
muscovite. 

In the gmnite npon the island thet·e .occurs a mn.ss of handsome 
light flesh-reel Pegmatite (9), 'vhich weathers lighter, and possesses 
a somewllat jointed fracture: The quartz is arranged in long, wavy, 
wedge-shaped, nearly parallel blades, 'vhich have most of their bases 
lookir1g .in the same di1·ection, and some of them split so as to clasp 
portions of the orthoclase which constitutes about seven-tenths of the 
rock. Only a few flakes of mnscovite a1·e seen in the specimen. 
Upon the east{?) side of the island there is a. small patch ·of slightly 
arenaceous, glistening, . thickly-speckled, black and gray Silicious 
lllica Schist (10), which weathers dnller, and in which the biotite 
plates average 1 m. m. in diameter. It appeat·s to be the remnant of 
a bed that has been cut away by the stream. The biotite plates are 
often perforated with holes re~ulting from decomposition, and are asso-
ciated with a considerabln amount of muscovite. · 

The fourth and last exposure noted in Sec. 33 is situated near the 
N. \V. cornet· of theN. E. qr. At this point the river breaks over 
the outcrop, forming a long rapids, at the foot of which is a 
sinal!, rock-fronted island. Eight rods a.bo·ve the island in the bed of 
the stream, and barely rising above low water, is a mass of glistening, 
vaguely-mottled black and· gray, coarsed-gmined Mica Schist (11), 
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which assumes a dark, pitted and warty snrface after '\veathering. It 
contains an abundance of black mica '\vhose very brittle plates vary in 
diameter from 1 m. m. to 3 m. m. Colorless, sometimes rose-tinted, 
grains· of 

1

qnartz from 1 m. m. to 2 m. m. in diameter are plentifnll:y 
scattered through the inass or aggregated in bunches to which a part 
of the vague mottling is due. ICyanite crystals of considerable size 
and often much altered are abundant, and there is a greater abundance 
of what J~ay be smaller, silvery- sometimes greenish- almost 
foliaceous crystals of the same, the two together equaling· the quartz 
in abundance. Imperfect crystals of staurotide alsu occur. Scattered 
through this schistose rock at irregnlar intervals are n nmerons large 
masses of yellowish and dusky Quartz (12), resembling large nodttles 
or rudely imitating veins, in which may occasionally be seen mica 
plates and dusky oval masses. Congt·egated about these masses of 
quartz are numerous small, impure garnets, together with crystals of 
kyanite~ . 

Across the stream from the·· exposure now considered, on the east 
bank, is another Mica Schist (13), whose strnctnral and lithological 
features are vet·y similar to (11). It differs, however, in the absence 
of large quartz masses and in the. uniform distribution of garnets. 
No stanrotide was obset·ved in (13). The 1\lica Schist (14) upon the 
island presents a glistening, mottled, black, gray and brown fractured 
surface, and an extreinely wa.rty and weathered appearance. It differs 
from (11) in possessing a much gt·eater quantity of stanrotide, in the 
smaller arnount of garnet, in the larger· kyanite crystals and in the 
absence of large q nartz masses. 

The stanrotide has a dark brownish-red color, and though some­
times presenting well defined angles and occasionally di~playing the 
crosses, nsually it is little more than a mere aggregation of that ma.; 
teria1. The stanrotide crystals appear to have formed last, and, if we 
may jndge from appearances, under the greatest difficulties. So tardy 
was· their beginning that the molecules, obliged to elbow their way 
among the already rigid material, have only been able to huddle 
arouud the centers of c1·ystalization without having the power of defi­
nite m:rangement·, or of expelling foreign elements. The result is that 
quartz, garnets and mica are included in these stat~rotide masses. 
Where, however, the molecules were able to combine their enm·gies to 
better advantage, there has been an evident displacement of quartz 
and mica, fo1· these materials are 11ow arr~nged in contorted layers 
about the crystals of staurotide. 

Across the channel from the head of the island, on the east side, 
there is an exposure of mica schist differing from (14) only in pre-
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senting evident bedding planes which dip 56° E. 36° N. and trend N. 
36° w. 

From the north line of Sec. 33 to near the center of Sec. 22, T. 41, 
R. 1 E., slight rapids follow one another at short intervals, and at sev­
eral of these small outcrops of mica schist bat·ely protrude from the 
banks above the water'::; edge. These schists, so fat· as observed, differ 
from those just· described only in the absence of staurotide and in 
being coarser grained. At· two points, however, well defined, light 
colvred feldspar crystals wat·e observed stancling in close proximity to 
large masses uf quartz. 

Just N. E. of the center of Sec. 22, T. 41, R. 1 E., there is another 
exposure of rather fine-grained, slightly arenaceous, glistening, black 
aad gray Mica Schist (15), whose textnre is firmer. along certain 
planes than others. This has resulted in the formation of nearly ver­
tical ridges in the rock where it is\vorn by the water. Biotite is the 
charactet:istic minen1.l, and its plates rarely attain a diameter of more 

than 2 m. m. Limpid colorless grains, partly quartz, but I think 
largely kyanite, are only less abundant than the mica. If a portion 
of this rock is abraded with the point of a knife and the powder ex-

~ arnined under the microscope after being mounted in Canada oalsam, 
many of the light colored grains are seen to be distinctly crystalline 
plates, rather than rou.nded or angular gt·ains.. These plates in po­
larized light exhibit colors very similar to those of kyanite, and in 
some instances the characteristic cleavage planes of that mineral were· 
observed. 

At this exposure the bedding planes trend E. 27° N., and dip to the 
northward 89°. 

At the point whet·e the river crosses the west line of Sec. 14, T. 41, 
R. 1 E., there is another exposure. of Schist (16), whose .essential 
characteristics are the same as those of (15), the only observed differ­
ence being a little finner and less arenaceous texture. 
· Some 40 rods above the last exposure there occnrs another, whose 

lithological features, as indicated by my. field notes, ~re identical with 
the last. l-IC!·e the strike is E. 27° N., and the dip to the northward 86°. 

The third and last outct·op of mica schist, observed in Sec-. 14, lies 
just \\~est of the center of the section on the south bank of the 
stt·eam, where it presents an exposure about 20 feet above the bed of 
the channel. No specimens of it were taken, but it was observed to 
ditf'et· from the others only in being the finest grained and most dura­
ble rock of the three. Strike, E. 25° N. Dip, south, 68° to 72°. 

The expo3ure which is situated near the center of the north line of 
Sec. 14 takes. on features different from those. pre·sented by the out-
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~l'Ops lower down. It is a bunchy, hornblendic and micaceous accumu­
lation, of varying texture and dnrability. On the bank the rock 
yields with difficu~ty to the hammer and presents a tolerably even sur­
face; bnt in the bed of the stream where it is washed by running 
water the micaceous portions have been abraded so as to leave the 
surface covered with deep, cavernous holes and pockets of the most 
varied and irregular contours·, showing to good advantage the bunchy 
gronping of the two classes of material, and suggesting .that a simi­
larly heterogeneous arrangement of debris has contributed to the pres­
ent crystalline structure. The horn blendic portions of this rock are 
represented by Nos. 17, 18, 19 and 20. 

The first is a faintly glietening, finely speckled, fine-grained 
Silicious Hornblende Schist (1'7), which presents a uniform texture 
and irregular fracture, a~d weathers gray. Small amphibole needles, 
green by transmitted light, sometimes brought together in bunches, 
comprise about six-tenths of the specimen, the remaining portion of 
this rock being mainly qu_artz. A little mica, and perhaps some feldspar, 
is also present. The next is a Hornblende Roek (18), diffe1·ing from 
(17) in being coarser-grain_ed and in possessing a greater proportivn 
of amphibole. No. 19 is also a Hornblende Rock which contains ., 

. more biotite than (17), hnt has a sim.ilar texture. The last of these 
specimens is a dark, dappled and speckled, gli_stening, rather coai·se­
grained lllicaceous Hornblmule Rock (20), which has an uneven fmc­
tm·e and weathers grayish. The quartz is present in small, limpid, 
somewhat angular grains. That portion of the exposure in which 
hornblende is wanting is a Garnetif~rous Mica Schist (21),.essentially 
the same as (13), except that kyanite may be absent. No. 17 is speci­
men 23 of appendix. 

-After crossing the line into T. 41, R. 2 E., near the west line of 
Sec. 7, a heavier exposure than the last is seen rising, in places 25 feet 

above the beq of the stream. Although a _mica-bearing rock like the 
last, it contains more hornblende, which is distributed in bands or 
beds rather than in bunches, and for this reason the river-ero~ed por-
tion presents long, hornblendic ridges separated by micaceous tronghs, '· 
instead of the cavernous pockets of the laRt. The micaceous portions 
are essentially like those just described, while the hornblendic beds 
differ. mainly in presenting patches of longer, coarser, and often 
radiating, needles than any fonnd below. Specimens (22) and (23) 
are from this point. Strike, E. 30° N. Dip, 72° S. . 

Between the S. vV. corner of Sec. 5, T. 41, R. 2 E., and the mouth 
of Turtle Creek, the mapping· of the stream upon the plat does not 
conform to fact. A correction of the piat so far as it was possible 
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was attempted, and while the following outcrops may be assigned 
positions not rigidly correct, it 1s believed that they will be found 
approximately true. Along the portion of theN orth Fork just limited, 
six rock exposures were observed, all of which are low and small. 

· The first occurs near the center of Sec. 4., and, considered as a wholP, 
is a micaceous hornblende rock, which breaks with difficulty where 
unaffected hy the water. 'fhe portions in the bed of the stt·udJJ, 
however, softe~ and show: a d.ecided schistose structure. Considered 
in parts, a considerable variation in texture and composition is to be 
noted. One portion is a dark green, rather coat·se-grained Horn­
blende Schist (24), having an irregular fracture, and composed 
largely of lengthened, dark green, glistening crystals of hornblende. 

Another portion is a dark, fine-grained Diabase (25), having a 
slightly conchoidal fra~ture, a slightly rusty-brown, even weathered 
surface and a faintly glistening, finely-speckled, fractured aspect. 
The rock contains angite, altering to uralite and a "plagioclase feld­
spar, optically near lauradori te." 

A third variety is a cryptocrystalline, slightly schistose, dark, finely 
and densely speckled, even-grained Hornblende Rock (26), having a 
conchoidal fracture, a dark-brown, weathered surface, and much exter­
nal resemblance to the last. In the place of the plagioclase et·~·stals of 
the last, however, there are numerous semi-angular,_ light grains, 
which change from a slight orange yellow to a deep clear blue under 
the nicols, and which cleave in thick, brittle plates as hard as kyanite. 
The"rock has a specific gravity of 2.Dl. .A .. t this exposure the bedding 
planes trend, in di:ff'erent portions, from E. 35° N. through E.' 45° N., 
to E. 50° N ., and dip about 82° to the north·ward. 

About 200 feet southeast from the last exposure, along a line at 
right angles to the strike, there is another schistose rock containing 
more mica than the last. There are also thin beds of granite bearing 
much quartz which is often aggregated in lat·ge masses. :Here the 
bedding planes dip to the northward and strike E. 45° N. 

About forty rods west of the east line of Sec. 4, and jnst south of 
the quarter line on the sonth bank of the stream, there is a low, small 
outcrop of light.colored, faintly-pinkish, highly silicious, rather fine­
grained, even-textured Gneiss (28), which weathers darker and frac­
tures evenly. In it, the predominating ingredient is quartz, which 
exists in large, distinct, rounded and angular, colorless and dnsky 
grains. vVhite and faintly-pinkish, sometimes iridescent, often 
strongly-striated feldspar, presenting cleavage planes 1 m. ·m. to 2 
m. m. in diameter, and lengthened bunches of black n-iica composed of 

VoL. IV.-38 
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scales eqna}Jing in size the feldspar facets, are the principal remaining 
ingredients. · 

A little S. W. of the center of the N. W. qr. of Sec. 3, T. 41, R. 2 
E., thet·e is a considerable exposure of dark, rather coarse Mica Schist, 
containing rathet· heavy beds of granite, gneiss and large, irregular 

·Lunches of quartz. ·A portion of the Gneiss (29) is almost identical 
witp the one just described- the only difference being the absence of 
the pinkish tinge. Another portion (30), though essentially the same 
rock, appears quite different. It is black, dotted and blotched with 
pinkish and gt·ayish-white, coarser than 28, the weathered surface 
being uneven. Black mica is abundant and combines with the darker, 
often striated, more strongly iridescent feldspar, to produce a gneiss 
in appearance unlike the one with "'hich it is associated. At one · 
point on this exposure there was observed a ,large cluster· of black 
tourmaline cr_ystals. imbedded in quartz, with which wa~ associated 
both feldspar and green talc. Some of these crysta)s were an inch 
long and three-tenths of an inch thick; An interesting feature pre­
sented qy one of them was that of being bent nearly at right-angles 
without being much fractured, showing that a considerable amount of 
motion has taken place since. the formation of the tourmaline crystals. 

At this exposure the dip is again northward and the bedding planes 
strike east 45° N. 

About severity rods nearly due N. E. from the last exposure is the 
sixth one referred to above. The greater part of this rock is a dark, 
speckled, yellowish-gray, rather coarse-grained Silicious Mica Schist 
(31), in which there is much of a white, cleavable mineral, having a 
hardness of 5. This may be kyanite. 

Associated with this schist are fine to medium-grained Granite and 
Gneiss (32): ,\·hich are speckled and banded,. and contain much pla­
gioclase feldspar, having striated facets. The gneiss closely resembles 

(28) and (29). 
At the rapids in Turtle creek, near the center of the N. W. qr. of 

Sec. 34, T. 42, R. 2 E., there is, on the east bank, what appears to be a 
nearly snbmer·ged ledge of uniform, rather .fine-grained, even-weath­
ered, light reel and white ·Granite (33), scantily flecked with black. 
In this gl'anite there is a small amount of mica, and possibly some 
plagioclase. 

Near the S. E. corner of Sec. 34, T. 42, R. 2 E., there is an outcrop 
just above the month of the Turtle on the North Fork, presenting 
along a line at right angles to the strike, a width of 110 feet, in which 
four quite di~tinct beds are readily,.distingnished. These beds, begin-
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ning \vith the most no~thern and passing toward the south, are as 
follo,ws: (1) A black, finely speckled with white, uniform, even­
weathered, indistinctly laminated, somewhat splintery, much fractured 
Hornblmule Gneiss (34), composed of about six-tenths of hornblende, 
mneh feldspar and some qnartz. (2) A dirty, ·resinous, gray, very 
uneven, easily and irregularly fractured Granite (35), which, in some 
parts, is very com·se, in others fine arid sometimes almost schistose. 
It is composed largely of a dull resinous-gmy feldspar and quartz. 
J\iica is not abundant, except where the rock is schistose. (3) A rflther 
:fine-grained, even, somewhat shaly, mottled, vagnely green-tinted, 
reddish-gray Gneiss (36), having a slight plumbaginons luster on the 
fractured surface, and which is composed largely of much-altered 
orthoclase and q nartz, together with some plagioclase and "veridite." 
Its sp. gt·. is 2.69. (4) A yell()wish, glistening, gray-and-black, rather 
coarse-grained, uniform, somewhat friable Jlica Schist (37), com­
posed uf yellowish-brown and black mica, with quartz and a little 

feldspat·. 
The bedding planes at this exposure are not very readily deter­

mined, bnt they appear to strike E. 22° N. and to dip southward 
about 68°. 

Specimens 75 and 77, described in the appendix, are (34) and (36) 
respectively. · 

Leaving the North Fork for the present and passing up Turtl~ 
creek to Turtle falls, a little east of the center of Sec. 6, T. 42, R. 
3 E., the stt·earn is seen to make a short; steep descei1t across the 
bedding planes of a hornblende beadng rock, whose general appear­
ance is very diffet·erit from any that has been described. The bedding 
planes are usually not evident, and where they can be seen they are 
greatly obscured by a confused network of fissures, on account of 
which much of the rock is broken into small chips of varying sizes· 
and shapes. At one point where the bedding planes are better made 
out than elsewhere, they strike E. 55° N., and have a southward dip of 
about 89°. Assuming that this measured stl'ike is possessed by all of 
the exposures in the vicinity, a total thickness of abont 192 feet was 
observed. Within this ~elt there may be distinguished six variations 
sufficiently marked to merit special descriptions here. . 

The :first and southemmost occurs at the foot of the falls, and is a 
rather fine-grained Hornblende Rock (38), containing· considerable 
mica, and breaking with difficulty into irregular fragments. The 
next bed is a dark greenish-black, distinctly crystalline, uniform, 
vaguely-mot~led Hyposyenite (39),. which· after weathering presents 
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a dark, reddish-brown, vaguely-mottlod surf~ce. It is abont three­
tenths hornblende in the form of small, slender, greenish needles, sep­
arately visible only in thin sections, and six-tenths feldspm·, which is 
rather coarse and of yellowish-brown color. Associated with the 
feldspar, and having a similar· color, is a rather soft mineral, which 
blackens and becomes slightly magnetic when heated, dissolves in hot 
nitric acid, and gives the reaction for iron with borax. It appears to 
be chalybite. Small grains of iron pyrites are of freq nent occur­
rence, and the seams in the rock are often thinly coated with calcite. 
This rock is described in the appendix nuder 42. · 

About 100 paces from the river, on the south side, there occurs an 
exposure of very fine-grained, dimly-sparkling, greenish~black, even 
Hornblemle Schist (40), which weathers to greenish, and is com­
posed of small, slender dichroitic needle.s of hornblende, among which 
are disseminated grains of iron pyriteo. A little feldspar is also pres­
ent. The bedding planes are not readily determined, but assuming 
that they trend as indicated above, they cross th.e river about 10 paces 
above the bed last described, but are not there exposed. About ten 
paces north of the last exposure is another vaguely-banded Horn­
blen(le Schist (41), which differs fro.m (±0) only in containing a few 
small, scattered masses of quartz .. It is described in the appendix 
under (44) .. Sor~1e 40 paces above the foot of the falls and 50 paces 
from the stream, in tlJe direction of the strike, on the south side, there 
is a large quantity of light-green, fine-grained, uneven, splintery 
Hornblende Schist ( 42), which, if not in place, bas not been moved 
far. In some portions of the rock the hornblende needles can be seen 
with the naked eye, while in others the one-fifth objective_is required 
to resolve them. A little mica is present, and some of the hornblende 
appears to be passing into chlorite. The sp. gr. of one of the speci~ 
mens is 2.9'7. The rock is described in the appendix under specimen 
45. About 95 paces above the foot of the falls there is a short rapids 
caused by bowlders, which m,ay be lodged upon the submerged portion 
of a ledge lying 60 paces from the stream on t_he north side. The 
exposure is a banded, light-green, somewhat shaly-fractured Horn­
blen(le Schist (43), containing a little quartz. The rock, except in 
certain bands, is very fine-gi·ained and has a sp. gr. of· 3. It is here 
that the measurements of strike and dip were obtained. Specimen 
46 of the appendix is from this outcrop. Following the line of strike 
from the last expo~ure southeastward, i't crosses the rapids mentioned 
above and leads to another outcrop, situated about 100 paces from the 
rivm~ on the south side. The rock is a Hornblende Schist (44), 

.I 
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which differs· from the last only in bei·ng ]ess distinctly banded, and 
rathet· more shaly, in containing some iron pyrites and in presenting 
u pou the weathered surface, in places, rat bet· large reddish spots. 

\Ve have now to return to the North Fork. Whatever indurated 
.rocks may exist above Turtle falls beneath the heavier drift accumula­
tion of that region, the less swiftly flowing streams, opposed uy the 
fo1·est gt·owths, have not laid them bare. The waters of the Flambeau, 
too, come leisurely down to the mouth of the Turtle, through a long 
and tortuous channel, only hastening occasionally mTer small and· 
widely separated bowlder rapids. At one of· these rapids, a little 
west of the center of Sec. 29, T. 42, R. 3 E., the first resemblance of 
an outm·op occurs. The rock is a dark, coarse mica schist, which, 
·where it is washed by the river, is worn into parallel ridges, trending 
E. 58° N., and dipping to the southward. It appears to be a gigantic 
bowlder, part1y uncovered. 

Near where the river crosses the east line of Sec. 34, T. 42, R. 3 E., 
there is another donbtful mass of rock protruding from the northeast 
side of a low knoll in to tl~e stream. The rock is a rather coarse­
grained, light colored Gneiss, whose bedding planes trend E. 36° N., 
a11d dip some 89° to the northward. The exposed portion of this 
mass is 20 by 30 feet. Abont 40 rods up the stream there is, in the 
bed of the river, a bowlde1· whose dimensions equal those given above. 

Not far from the center of the S. E. qr .. of Sec. 35, T. 42~ R. 3 E., 
and on the north side of the N. Vv. qr. of Sec. 33, T. 42, R. 4 E., there 
are exposures of a light colored, banded and speckled-\vith-black, 
uneven textured, coarse grained, irregularly fmctnred Garnetit'erous· 
]{yanitic Gneiss (~5), which weathet·s ·lighter, and is sometimes 
slightly schistose, closely J'esembling the kyanitic schists alre~i.dy de-

. scribed. Qua1·tz is abundant in this rock in large, usually colur1ess, 
angular grains. aggregated in, bunches and layers. Plates of biotite 
from 1 m. m. to 4 m. m. in diameter. arc grouped in irregular layers 
or scattered plentifully through the mass. The fel~spar crystals are 
usually small, light colored, sometimes stt·iated, and occasionally 
faintly irised. Smal1, impure garnets are numerous, and often im­
bedded in the crystals of kyanite, showing that the kyanite was last 
formed. The kyanite crystals vary in color frcm nearly white to 
bluish gt·ay, and in size, fl'Om small, to those an inch or more long 
and a quarter of an inch wide. They are usually impure and imper­
fect and often abundant. 

At the first exposure a strike E. 10° N. was measured, and at the 
··latter one E. 12" N. The dip at the former is to the south. It 
should be men tionecl in this connection that several large angular 
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bowlders of a rock almost identical in composition with that just 
. described, ocenr in the stream at the month of ~sland lake, SO rods 
north of the center of Sec. 13, T. 42, R. 5 E., and it is, perhaps, a 
significm1t coincidence that these bowlders, which evidently have not 
been moved far, and the two outcrops jnst considered, lie nearly­
in the line of the ·strike of the two exposures. , 

The portion of the route included between the· last two exposures 
and the S. E. corner of the S. W. qr. of Sec. 29, T. 40, R. 3 E., on the 
Dore Flam bean, pret:lents no outcrops_ that were observed. At this 
latter point, on the north bank of the stream, there is a low exposure 
of light colored, blotched, black and g-rayish, coarse, une\·en fractured, 
uniform, rough-weathered Syenite (46), composed of slender needles 
of blac.k hornblende grouped in bunches; evenly scattered small gr~ins, 
and large, compact bunches of colorless and dusky quartz; and large 
and small crystals of light feldspar, some of which present striated 
facets. 

A few rods back from the stream is what may be an exposure of a 
rock \;e1·y similar to the one just cleset·ibed; it is, however, surrounded 
with ·erratics of a different kind, and may itself be a large bowlder. 
This Syenite (47) differs from 46 ·oi:lly in containing rather larger 
feldspar crystals. 

Passing down the river into the S. E. corner of the next township, 
there is, about SO rods east of the center of Sec. 35, T. 40, R. 2 E., 
a second low exposure of syenitic rock lying on both sides of the 
stream. This rock presents considerable variation in texture and 
composition, and in places rather large aggregations. of qnartz. 
Some portious are rather coarse grained, thickly ~md coarsely speckled 
with black, grayish and reddish-white, and composed of about five­
tenths glistening, black, fibro-micaceous hornblende, three-tenths 

bluish-white ~tnd faintly pinkish crystals of pl;:tgioclase, from 1 m. m. 
to 3 m. m .. in diameter, so.me of which present striated facets, and 
two-tenths dusky crystalline quartz aggregations, in which horn­
blende is sometimes imbedded. This portion is the Diorite (48), 
specimen 133b of the appendix. Another portion is fine grained, 
black, faintly and finely speckled with light, weathel'ing gray to a 
depth of 4 m. m., the inner portion being lightest and in sharp con­
trast with the unaltered portions. It is oomposed of about six-tenths 
hornulende, three- tenths light feldspar and one-tenth quartz. There 
are also to be observed small, indistinct seams of quartz, containing 
iron pyrites and a few bunches of quartz scattered through the rock. 
This portion is the Hornblende Rock ( 49), specimen 133c of the ap­
pendix. A third variation is lighter, coarser, ani:l less uniform in 
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texture than (4:9) and more irregular in fracture. The weathered por­
tion is darker, too, and confined wholly to the surface. Hornblende 
is less abundant, and is sometimes thinly 'scattered in lengthened 
needles. A few faces of feldspar show striated faces. The 1·ock is 

the Syenite '(50), specimen 133e of the appendix. A fourth and last 
va~·iation is t!te Quartz Schist (51), specimen 133f of the appendix. 
It has a light, ashy~gray color, ·finely specked with black and indis­
tinctly dappled with white, weathering lighter to a depth of 2 m. m. 
It is fine grai ried, having a slightly arenaceous text t-ire. It is com­
posed of numerous very fine gr'ains of quartz, which may be removed 
by rubbing with the finger and relatively small amounts of biotiteJ 
hornblende and feldspar. A small amount of magnetite, in rather 
large particles, sometimes octahedral, is .also to be observed. 

On the bank of the ri \'Cr, witet•e it flows north through Sec. 34, T. 
40, R. 2 E., there are four very large bowlders situated. from 10 to 

20 rods apart., about which are scattered smaller fnigments of ~he 

same kind. Tlwy are all highly silicious, compact Syenitic Rocks 
(52), (53), closely allied to those jnst described. One of them pre­
sents mhch the aspect of a quartzite; all contain iron pyrites and 

magnetite, and one of the specimens of 53 sparkles with the latter 
mineral. It appears probable that' a bed of this rock exists not far 
to the northeast of these bowlders, perhaps in Sec. 6 of the same 

town. 
Near the S. E. eorner of Sec. 1p, T. 40, R. 1 E., there is an expos­

ure of very coarse granite, with alternating beds of gne.iss, which 
measm·es along a line at right angles to the strike 450 feet. The 
strike cannot be readily· determined with accuracy, but is not far 
from E. 40° N., and the dip is to the northward some 50°. It was 
possible to make out four beds of granite, varying from 40 feet to 

140 feet in thickness, with as many much thinner alteruating bands 

of gneiss. 
The Granite (54) is all extremely coarse, and composed of large, irreg­

ular masses of colorless and dnsky quartz, broad, thick plates of black 
and silvery lnica, and coarse crystals of red and pink feldspar, 
grouped in widely varying proportions. The Gneiss is both ho1·n­
blendic and micaceous, always much finer grained than the granite, 
and composed of pink feldspar, quartz and mica alone or hornblende 
alone (56), specimen 143 of the appendix, or with both combined (55). 

At the center of the S. E. qr. of the S. E. qr. of Sec. 2, T. 38, R. 
1 W., there is on ·the north bank of the stream a low exposure 

of Granite (57), (58), (59), in which no bedding planes are eeen, bnt 
which presents two systems of fissures trending N. 28° W. and N. 
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. 85° W., respectively.· The rock is medium grained, but presents con­
siderable variation in texture ·and color; 57 is rather coarse grained, 
and composed of about six-tenths pink feldspar, three-tenths quartz, 
in which are i!flbedded large bluish-white crystals of striated feldspar 
and a few scattering plates of black mica; 58 differs from the last in. 
being finer-grained, in possessing smaller crystals of striated feldspar 
atl'j a greater abnndance of biotite; and consequently in having a 
dar:ker color; 59 has the finest grain and darkest color of the three, 
and.like the other specimens contains striated feldspar. The three 

. specimens were taken within three feet of one another. 
A little below the center of Sec. 9, T. 38, R. 1 W.," is Rocky Carry 

rapids, one of the longest and roughest on the Dore Flainbean. 
And it is appropriately named, for it is literally. one bed of almost 
naked gigantic bowlders, about 20 rods wide and 50 rods long. In 
the midst o~ this confnsion there are five. masses of granite, whose 
magnitude suggests that they are rock in place. Their close proxim­
ity to one another, their diversity of shape, and their much-rounded 
or mt1ch-fractnred condition suggest that some of them may ha\·e 
been dislocated at least, if not carried bodily over a considerable 
distance. 

The most eastern and smallest mass is an uneven, coarsa-graincd, 
flesh-coloeed Gnei.ssoi(l Granite (60), having an irregular fracttue, and 
weathering light. Feldspar in large crystals is the predominating 
ingredient, black mica being scanty and least abundant. Here the 
bedding planes appear to strike E. 15° N. A short distance north 
of the last, there is a mass of warty-weathered, coarse-grained- finer 
than 60- rather dark Porphyroid Granite (61), which weathers 
lighter. . Feldspar is the principal ingredient; biotite id abundant. 
The porphyroid character and warty, \veathered surfac~ are due to 
large crystals of striated feldspa.r scattered through the rock. The 
next mass lie.:; some 300 feet west of the first, and presents an ex­
posed area about 100 feet sqnare, in which bedding planes trend N. 
5° Vv., and dip some 88° to the southwest. It is a coarse-grained, 
rather light colored Gne.issoid Granite (62), very similar to 60, and 
contains little or no striated feldspar. At the foot of Rocky 
Carry there is a mass of medium-grained, yellowish gray, thickly 
flecked with black Gneissoid Granite (63), which contains striated 
feldspar, whose facets are much smaller than those of 61. At this 
point the bedding planes appear to strike E. ·75° N. 

A little S. E. of the center of Sec. 17, T. 38,. R. 1 W., on the south 
side of a peculiar bend in the stream~ there is a low exposure of 
r~ther coarse-g1·ained, even-fractured> uniform Granite (64), which is 
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flesh-colored and thickly flecked with black. · Orthoclase~ much· of 
which presents glistening, rectangular facets varying from 3m. m. to 
10m. m. in diameter is by far the most abundant ingredient, and biotite 
plates from 1 m. m. to 2 m. m. in diam~ter are plentifully scattered 
through the mass, some of which may also he seen imbedded in the 
larger feldspar crystals. Three systems of fhsnres were noted ·at this 
exposure, trending respectively, N. 20° W., N. 66° vV., and N. '75° W. 

About 70 rods from the last exposure near the center of the S. 
W. qr. of Sec. 17, thm·e occurs an~ther exposure of Granite (65), 
which differs from 64 in being finer-grained, and in containing, be­
sides orthoclase, striated feldspar. I-Iere a close system of fissures 
tt·ending N. 15° E. and dipping some 86° southward were noted. 

On the same q uarte~· section with the last exposure and about 30 
rods from it, there is a Granite (66)~ identical with 64 in its main 
features, excc1H that it contains a little st1·iated feldspar. 

Ne::tr the center of theN. W. qr. of theN. \V. qr. of Sec. 20, ·due . 
. south from the last exposure, for the stream is not laid c01-rectly upon 
tlw plat, there is a mass of Granite (67), forming the east. bank of 
the stl'eam for 12 rods, and rising about 20 feet above its bed: The 
rock differs from 66 only in containing a large amount of striated 
feldspar. Where the rock has been blasted to clear the channel, the 
large blocks show a quite regular fracture. Two fissure systems·trend~ 
ing respectively N. 50° W., and N. 70° W., occur at this exposure. 

In the N. W. qr. of Sec. 25, T. 38: R. 2 W., there is another series 
of granite ou~crops, four in number, all of which are low· and small. 
The most northern of these is crossed by the north line of the section 
and is a medium-grained, fr~gile, white Granite (68), thickly flecked 
with black, and stained yellowish. It is composed of about equal 
parts of irregular, colorless grains of quartz and white feldspar, which 
stains yellowish. Mingled with these is evenly scattered an abund­
ance of black mica. The exposure possesses less uniformity of text­
ure than is indicated by the specimen. 

The second outcrop lies on the east bank of the stream, about 12 
rods below the last. It is but a small, low exposure from which no 
specimens were taken, and of which no other notes appear to have 
been made. 

Ncar the S. E. corner of the N. W. qr. of theN. W. qr. of Sec. 25, 
the third outcrup referred to above is found. 'rhe rock varies from a 
medinm to a very coarse-grained Granite (69), almost destitute of 
mica and containing fat' mot·e feldspar than quartz, which gives to the 
rock a flesh-red . color. One system of·. fissures at this point trends 
N. 70°vV. 
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The last exposure is situated ncar the S. W. corner of the N. W. 
qr. of Sec. 25, and appears only in the bed of the stream. It is a 
Granite (70), very similar to 66, from which it differs only in being 
slightly finer gr~ined. 

In the N. W. corner of Sec. 17, T. 37, R. 2 W., there are two ex-. 
posures of granite and gneiss, about 20 rods apart. The direct1on of 
the upper outcrop from the lower is E. 40° N.; this is also the strike 
observed at both places. The bedding plaues·of the nol'thern expos­
ure dip toward the S. E. 

If the heavy masses of very coarse, red Granite (71), composed of 
large irregular bnnches of quartz and feldspar crystals, some ·of 
which are from 2 to 4 inches in diameter, and which contain but little 
mica in rather large pl~tes, represent beds, five may be made out at 
the lower and three at the upper exposures. At the upper outcrop 
the easternmost bed is a rather fine-grained, fiesh colored Granite (72), 
containing bnt little mica (muscovite), and both orthoclase and· white 
striated feldspar, the latter presenting the larger and more glistening. 
facets.· The second bed is a pinkish gmy, medium-grained Porphy,· . 
roid Gneiss (73), containing. black mica, and both kinds of feldspat·. 
mentioned ·above. The striated facets are in this case large and bril­
liant, giving to a frr.sh surface a neat, mottled·appearance. The third 
bed (~)is the coarse Granite (71), already described. 

At the lower exposure the most eastern bed is a Granite (74), in 
no essential respect different from· 66. Next to this bed lies a dark 
colored, medium grained Hornblendic Gneiss (75), which contains 
some biotite and is somewhat schistose in places. The specimen is 
more especia11y typical of the schistose portion. The third bed is a 
Gneiss (76), differing from 73 only in the smaller crystals of striated 
feldspar, which renders the porphyroid aspect of the other rock very 
indistinct in this. The next bed (~)-the fifth- \vhich is separated 
from the fourth by a space where the rock has been cut away by the 
stream, is a coarse-red granite not different from 71. · 

It was below the last exposure that the long" log jam'' referred to in 
the introduction began, and at this point we turned back to do there­
maining portion of the river from below. U nfortnnately, howeve1·, 
circumstances forebade the ascent of the Dore from its month beyond 
the ·center of Sec. 27, T. 36, R. 3 W. There is; therefore, between 
this point and the center of Sec. 1'7, T. 37, R. 2 W., a portion of the 
river which has not been examined, and along which it is probable that 

several exposures of rock .exis.t. 
A little south .of the center of Sec. 27, T. 37, R. 3 W:, there occnrs,. 

on the south bank of the stream, a rough-fractured, rather coar3e-
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grained, grayish-white, thickly flec~~ed with black Granite (77), in 
which striated feldspar forms the greater part of the feldspathic ma­
terial. The rock is quite similar to portions of (67). 

From the N. V{. corner of Sec. 34, T. 37, R. 3 W., to the S. E. cor­
ner of Sec. 33 in the same township, the river dashes southward over 
an almost continuous gt·anite bed, making in its course three some· 
what precipitous leaps, of between 20 and 30 feet each. l\inch as ·it 
was desired to give this section careful study, circumstances perm'itted 
only a hasty walk over it. A few specimens only fl'Orn different points 
of the exposure were obtained. A little south of the center of theN. W. 
qr. of Sec. 34, quite a large portion of the rock is a very neat gmy, me­

dium-grained, firm, regularly-fractured Hornblendic Gneissoid Gran· 
ite (78), in which the feldspar is the bluish-white, striated variety. The 
brilliant feldspar facets, together with the duller quartz grains, among 
which are scattered a profusion of black mica and very dark horn­
blende, give to the rock a handsome variegation. In its lithological 

features the rock closely resembles 60, from which it diff'ers mainly 
in being coarser grained, and in containing hornblende. The bedding 
planes strike E. 15° N. and dip to the ~outhward about. 88°. . 

At the South fa11s, on the west side of the S. W. qr. of the S. W. qr. 
of Sec. 34, the Granite (79), (80), (Sl), (82) presents a considerable 
variation in texture and color. AU specimens, however, are alike in 
containing striated fieldspar; 79 is a white granite, variegate'd with 
black, medium-grained and crumbly, having an irregular fracture, 
and a dingy, yellowish-\vhite, weathered surface. It is very similar to 
68, being. only a trifle coarser and containing a little more biotite; 
80 is intennediate between 64 and 77, bearing the strongest resem­
blance to the latte1·; ·81 stands close to 70, but contains a little more 
mica; 82 is faintly pinkish-white, medium-grained, has an irregular 
fmcture, and contains less mica than any of its associates except the 
last. 

About 40 rods sonth of the center of theN. E. qr. of the N. E. qr. of 
·sec. 4, T. 3~, R. 3 W., there is, on the east bank of the stream, a 
Granite (83), varying fmm a littl~ more than medium-graine4 to very 
coarse, and _containing no striated feldspar. ·It is flesh-colored, con­
tains mnch more feldspar than quartz, and a small amount of biotite, 
j n rather lat·ge plates, scattered uniformly through the mass. No 
very closely allied"rock was observed on the South Fork.' 

Near the center of the north line of the N. W. qr. of Sec. 9, T. 36, 
R. 3 W .• there lies. on the east side of the channel, an exposure of 
rather fine-grained, slightly-porphyruid, reddish Granite (84), con­
taining a considerable amount of biotite. The porphyroid character, 
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not possessed by the whole expo3ure, is due to a sprinkling of larger 
c~ystals of striated feldspar through the orthoclase mass. 'rhe por­
tion which is not porphyritic contains less orthoclase and is very 
similar to (84). . 

Not far from· the center of the N. W. qr. of Sac. 9, there is a small 
exposure of rather coarse, flesh-colot·ed Granite, containing biotite, 
ft·om which specimens were taken, but they appear to have been lost. 

The last exposure observed upon the Dore Flambeau lies a little 
west and sonth of the center of the north line of the N. E. qr. of 
Sec. 8, T. 36, R. 3 W. It is a light colored- sometimes pinkish~. 
rather fine-to-medium-grained, irregular, roughish, fractured, darkly 
variegated Granite (85). Ali portions of the rock contain striated 
feldspar, the pinkish parts only containing orthoclase. At one point 

·a band of gneiss exists whose bedding planes strike E. 11 o N. and dip 
about 55° to the southward. 

Returning again to the North Fork near Flambeau crossing, and 
not far below Muskalonge. falls, in the S. W. corner of the S. vV. qr. 
of Sec. 24, T. 40, R. 1 W., there occurs, upon the east b·ank, and in 
the bed of the stream, an exposure of coarse-grained, uneven, irreg­
ular, fractured Granite (86), ciosely resembling that at ::1\'Inskalonge 
falls, but differing from it in being less gneissoid in structure. It 
is composed largely of feldspar- both orthoclase and the striated vari­
eties, the. latter bluish white, the former flesh-colored -.muscovite 
in large plates, sometimes ~ c. m. in diameter, sparingly distributed, 
and large, subtranslncent bunches of quartz in considerable abund­
ance. The gneissoid portions show evidence of. decided eontortion .. 
The bedding planes cannot be made out with accuracy, but they dip 
toward the northwest and appear to strike not far from E. 40° N. 

At the center of the N. vV. q r. of Sec. 25, T. 40, R. 1 W., there are 
two outcrops of very uneven, coarse-grained, irregularly-fractured, flesh­
colored Granite (87), a portion of which is pegmatitic (88), and iden­
tical with (2) and (9) .. The greater part of the exposure is very 
closely allied·to (4) and (5}. The two outcrops are about 20 rods apart,· 

. the lower being S. 26° E. from the upper. Muscovite is the only mica 
present, and adjacent to the _larger aggregations of quartz_ it presents 
plates an inch or more square. 

At the S. W. corner of the N. W. qr. of the N. E. qr. of Sec. 35, 
T. 40, R. 1 W., there is au exposure of mica and hornblende schists, 
the two being arranged in irregular, alternating beds, a foot or two in 
thickness. Those in the bed of the stream are rendered strikingly 
distinct by their varying resistance to erosion. The Hornblende 
Schist (89) [184 of the appendix] is rather fine gl'ained, nearly uui-
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form, greenish and grayish·blacl~, often vaguely mottled with rusty 
spots. It is composed of lengthened plates and blades of hornbJende, 
minute crystals of orthoclase and plagioclase feldspar, together with 
small, angular and rounded grains of quartz. This rock finds its 
closest observed ally in the exposure in Sec. 7, T. 41, R. 2 E., from 
which (22) and (23) are taken. The strike here is E. 11° N. and the 
dip to the southward 79°. 

A little N. E. of the· center of Sec. 35,. T. 40, R. 1 W., there are 
some large, dislocated, angt1lar masses of coarse granite, piled one 
'1pon another, and rising about 20 feet above the bed of the stream. 
One po1·tion of the rock is a very coarse, flesh-colored Granite (90), 
similar to (87), and may have been moved from that point. Another 
portion is a compact blnish.gray Granite (91), composed largely o£ . 
plagioclase feldspar showing stl'iated facets, which bears a close 
resemblance to (S6). These blocks, which are· very large, lie upon 
mas~es of rock similar to themselves, which may yossibly be in place. 

After leaving the last point ~o rock in pl~ce was observed until 
near the conflnence of the two streams. It should be borne in mind, 
howeve1·, that below Sec. 20, T. 39, R. a Vi., the work was done on 
foot. This made it impractiGable to examine the banks as thoroughly 
as would have been possible could we have floated down the stream 
in our canoe. It is believed, however, that few if any exposures 
exist at pre~ent npon the North Fork.which are not mentiuned in this 
repot·t. 

At the S. vV. corner of the N. W. qr. of Sec. 30, T. 37, R. 3 W., 
there is a rather coarse grained, uneven, irregularly fractured Syenite 
(92), which is· thickly and coarsely blotched with black and often 
stained yellowish, becoming lighter as it weathers. It is composed 
of coal-black hornblende in masses sometimes 2 c. m. long, blnh;h­
white striated feldspar, whose facets are usually indistinct, and com­
})rising about one.third of the rock, together with qnar.tz in large, 
irregular, dusky, glassy bunches. In places the exposure presents a 
slight gneissoid structure. About 30 rods above this outcrop, on the 
opposite bank, there is another which conld not be examined. 

In the N. vV. corner of the N. E. qr. of Sec. 31, T. 37, R. 3 W., 
there is an exposure of coarse red granite and gneiss, in which the 
bedding planes strike E. 11 °· N. and dip about 70° or 75° west of 
north. The outcrop presents a total thickness of over· 300 feet, 250 
feet of which is the coarse red Granite (93). It is closely similar 
to (4), (5) and (87), and like them. contains a meagre amount of mus:. 
covite and a small amount of quartz. The Gneiss (94) is rather fine 
grained, light, pinkish.white, striped and banded with black, and 
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contains ·both biotite and silvery muscovite in somewhat separate 
bands. 

The facts which were obtained regarding the indurated rocks of the 
Upper Flambeau Valley have now been presented. It would be 
especially desirable to correlate these observations. and limit. the 
several mnch denuded folds that probably exist in the valley .. The 
facts. that ha,'e been gleaned, however, appear to be too meagt·e. and 
the exact location of the outcrops too uncertain to warrant any but 
provisional statements regarding the subject. Thet·e will be an at­
tempt, therefore,· to point out only a few features that may posse3s 
more or less significance. 

1. There are no otitcrops · observed in the valley· of either fork 
that suggest the existenee there of Huronian beds; unless it be the 

. highly silicious and very slightly magnetic syenitic rocks observed 
in T. 40, Rs. 2 and s·E. 

2. _Rocks containing little or no hornblende are the most common 
and characteristic in both valleys. 

3. ·Plagioclase feldspar with striated facets is quite abundant ami 
more characteristic of· the rocks than orthoclase. 

· 4. Biotite is the most abundant and most common mica, and occur~ 
wherever plagioclase feldspar is found, unless hornblende takes its 
place. . 

5. Muscovite is the chief or only mica found where plagioclase feld­
spar is wholly want-ing. 

6. Kyanite, staurqtide and garnet are of frequent occurrence in the 
biotite schists and gneisses and are associated together. 

7. Sahli te is found in considerable abundance at two exposures not 
far distant from each other on the North Fork. It also occurs in the 
rock at Turtle falls. 

8. Other accessory minerals are tourmaline·, angite, chlorite, viri­
dite, pyrite, apatite, calcite, magnetite, hematite, ochee and titanic it·on. 

9. Granites and syenitic rocks, or- gneissoid val'iations of them, are 
the only rocks observed on the Dore Flambeau. 

10. So far as observed, rocks of a schistose structure are character. 
is tic of, and peculiar to the North Fork valley, the less cornmon 
gneisses being schistose and the still less freqnent granites being gen­
erally gneissoid. This fact doubtless accounts, in part, for the greater 
depth of the valley. ' 

11. With two exceptions, one of which is doubtful, the bedding 
·planes of all exposures which. have been determined strike between 
east and. east 56° north- magnetic. 

·12. The greatest number of s.trikes fall between E. 40° N. and 
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E. 50° N., ·and the next greatest n_nmber between E. 10° N. nnd E. 
15° N. 

13. There are two valley systems to be hereafter pointed out which 
t1·end approxima.tely in the direction of the average of the two pre­
vailing strikes, and the largest and deepest valleys take the average 
direction of the commonest t:;tt·ikes. · 

14. All of the most nearly east and west strikes lie. either in or look 
up nearly east and west valleys. 

15. Regarding Turtle creek as the beginning of the North Fork, 
there are upon that stream four clusters of exposures looking up as 
many more-or-less marked and continuous eastward-trending valleys. 
The only other exposures observ.ed upon the stream are situated in 

. T. 41, R. 1 E. 

HYDROLOGY AND TOPOGRAPHY. 

The Flambeau river and its tributaries, as a central channel, with 
the East F01·k of the Chippewa on the north and the Jump. river on 
the south, drain an area whose topographical features appear pecul­
iarly interesting, and, could they be worked up in detail, would no 
doubt be found highly instructive. Its river and lake systems a~'e 

equally peculiar and suggestive. 
"The most general feature of the Flambeau slope, as limited above, 

is its gently lmt in·egnlarly undulating surface, sloping rather rapidly 
neady due southwest, for more than . vo· miles, and maintaining 
throughout a neal'ly uniform width of half its length. If a curved 
line, convex to the southwest, be thrown across this incline, extending 
from Tni·tle falls a little to the south of Pike, Squaw and Squirrel 
lakes, it will mark a division of the slope into two portions. That · 
portion upon the npper side of the line is, ·in its general aspect, mo1·e 
neal'ly level than the remainder, and will be denominated the Upper 
Lake R:!gion. The put·tion lying on the south side of the curved 
line, and having a rather strong southwest slope, will be spoken of 
hereafter as the Lo\ver Valley. 
· It will.· be seen by a study of the rivers of the region that the 

Flambeau slope is ribbed and furrowed longitudinally by fonr nearly 
straight, parallel, and more or less continuous valleys with their three 
dividing ridges. The upper portions of the axes of the·four va11eys 
are indicated upon the map and designated AA, BB, CO and DD. 
'rhe axis of the northet·n valley lies along a line drawn from Sec. 22, 
T. 44, R. 1 E., through the center of Sec. 14, T. 39, R. 6 W., and is 
crossed or tonched. by the East Fork of the Chippewa eight times in 
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the course of 40 miles, and the stream departs from this line in a single 
case 3 miles. The axis of the Flambeau valley lies along a line abont 
93 miles in length, extending from the N. W. corner of Sec. 24; T. 
44, R. 4 E. to the center of Sec. 30, T. 34, R. 7 W. Regarding the 
Flambeau river, theN orth Fork to the mouth of Turtle creek, and 
Turtle creek as one stream, for such they really are, it is seen to cross 
the axis 19 times, and in no case to depart from it more than 5 miles . 

. Th~ axis of the Dore Flambeau valley lies along a line stretching 
from Sec. 24, T. 44, R. 5 E., through the N. W. corner of Sec. 34, T. 
33, R. 7 W. The Dore, excluding that portion which ·comes from 
the eastward and then S\Veeps northward through Sec. 24, T. 40, R. 1 
E., and including the small stream which comes in where the Dore 
bends to the sonthwest, and Deer Tail river, lie along this axis, and 
the two streams, in the course of 75 mile3, touch the line 25 times. 
It may be mentioned also, in this connection, that Mud creek, on the 
other side of the Chippewa, comes in from the southwest along the 
same line. This third valley is continuous below the Upper Lake 
District, except just below the month of the Dore Flambeau, where it 
is choked by an accumulation of drift which deflects the stream from 
its.conrse into the main channel. The southern valley, whose axis lies 
along a line stretching from Sec. 33, T. 4.4, R. 3 E., through .Sec. 19, 
T. 31, R. 6 W., is not so evident and continuous; but near its axis, 
and trending in the same direction, lie portions of Maine, Fisher, 
Elk and Dore Flambeau rivers. 

Another parallelism in the drainage system of this slope de3erves 
attention het·e, and has already been referred to; it is, however, less 
marked than the last. The Elk river, the upper portion of the Dore 
Flambeau, and the upper portion of the North Fork, including the 
Manadowish, all flow in the same general direction, deviating a little 
from east and west lines, and it may be mentioned that the Sontli 
Fork of Jump river, including Silver creek, approaches the fourth 
valley in nearly the same direction. These must be regarded as 
minor valleys leading into the more profound ones that have been 

pointed out. 
It remains now, in regard to the direction of the streams of the 

slope under consideration, to call attention to a quite marked and prev­
alent system of similar bends which occurs to some extent in all oE 
the valleys that have been pointed out. It will be noticed where there 
is a strong departure of the streams from the direction of the main 
valley axe3, that the flow is oftenest to the northward in a direction 
nearly at right angles with that of the valley axes, and that the return 
to the southward is along lines more oblique to the axes of the valleys. 
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As types of these· bends· there may be mentioned the two strong 
flexures of the Chippewa in T. 42, Rs. 1 and 2 west; the two similar 
bends of the North Fork, and those of the Dore ·Flambeau and 
Skinner creek, all of which lie in a line trending a little west of south; 
the same feature is again repeated by the Elk river near Phillips in 
the south valley. Other exampl~~ may be found by referring to the 
map of the region, and these features will be reverted to when the 
glacial deposits of the region are considered. 

In regard to the two branches of the Flam beau, it ma.y be said that 
they make their way southwestward oyer a series of steps, most fre­
quent in the lower valley, caused usually by bowlder dams, but also by 
ledges of indt1rated rock. Over these dams the water for~s numer­
ous lengthened chutes and rapids which probably average 8 feet or 10 
feet in height, and furnish in 'the aggregate an almost unlimited 
water power/ At present they ar~ serious obstacles to lumbermen, 
causing log-jams whenever there is low water. , 

Mr. Price has attempted 'to avoid the jamming ·during low water 
by putting in a dam at the mouth of Round lake on the Dore Flam­
beau, in.order to hold the water for a time and use it at pleasure. 
How successful his ·effort has been I am not informed, but it would 
appear that were there a series of· dams put in at the mouths of several· 
lakes on the t~o forks and on the Tu.rtle, and these worked in concert, 
there would be no difficulty in carrying out all of the logs that. might 
be put in during any year. 

The water. is wfL and carries but little sediment, but is colored dark 
during wet periods by the leachings from forest leaves~ When the 
North Fork began to freeze in November of 1877, there was first no­
ticed a coating of ice upon the stones and sticks below the water as 
it broke over the rapids. At the· same time there were forming up.on. 
the surface a profusion of ice stars, often an inch or two across, which 
were tossing about making fruitless endeavors to join one another. 
As these crystals tumbled down into the stiller water they formed 
floating sheets of ice, which drifted on to the next rapids, formi~g 
ice jams which in a few hours, in some places, extend back several 
miles, covering the quiet .portions of the stream. 

A careful study of the distribution of lakes in the region under 
consideration reveals a grouping of them quite as marked and exten­
sive as is the symmetry of arrangement that has been shown to exist 
among the rivers. Considering the long valleys that have. been 
pointed out as extending from the Michigan line across the Chip­
pewa to the. lakes beyond, it will be seen that I;learly all of the lakes 
of the region cluster in linear series along the four valley-axes, and 

VoL. IV.-39 
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that there is such a grouping of lakes along theae lines as to throw 
~hem into three rather broad belts, stretching across the valleys 
nearly at right angles to their axes, which are convex toward the 

·south and concave toward the north. .There lies, then, in the valley 
before us, an Upper Lake Region, a Middle Lake Region,_and a Lower 
Lake Region, the first two lying above the confluence of the two forks 
of the Flambeau. These .land archipelagoes are highly suggestive, 
and the upper two are divisible, it is belie,·ed, into minor concentric 
bands, which are shown upon the map and will be pointed out in an­
other place. · 

Nearly all of these lakes, so far as observed, possess the character­
istics peculiar to those of broad, ·morainic belts. They are beautiful 
sheets of water, clear~ soft and deep, encircled by bold, fantastic rims, 
and dotted with tree-clad island ~ones of such varied beauty in ·the 
autumn season, that as one toils in unexpectedly upon them up the 
rapids of th~ narrow shaded rivers, he forgets his fatigue and revels 
in an exquisite garden of fo1iage ·plants. Sometimes a fringe of 
white cedar lies upon the water's edge; higher up a wreath of white 
birch, then a belt of poplar, and, capping the rounded hill-tops, maple 
and yellow birch, throughout all of which there is a generous setting 
of rich green white and Norway pines. Gravelly beaches and weed­
less sandy bottoms are the rnle, and small marshes are of rare occur­
rence. Mnskalonge and yellow pike-perch are common, and it is said 
that the lake trout is found in Trout lake. If the State Park were put 
in communication with railroads, hotels built upon it, and the lakes 
stocked with choice fish, there appears to be no reason why it would 
not be one of the finest pleasure resorts in the northwest. 

Fantastic as are the contours of many of the lakes, especially in 
the U ppet· Lake Region, there is, after all, son~ething of regularity in 
the distribution of bays, capes and islands, as well as in 'the positions 
of the longer axes of many of the lakes. The majority of those lakes 
which are longer than wide have the longer axes generally trending 
N. E. and S. W., or in the direction of glacial movement, and the 
stronger land and water indentures often lie in pairs, and trend in t~e 
same direction. In Trout lake there is a chain of islands trending N. 
E. and S. W., and in Island lake another trending nearly at right 
angles to the last: The lakes in the Upper Lake Region appear to be 
but the deeper portions of a once continuous sheet of water, in which 
the hard-wood ridges referred to above stood as so many islands. As 
this lake gradually drained over its curved southwestern rim, the finer 
argillaceous material moved off with the water or dropped into the 
deeper basins, thus leaving the ke~tles more or less obliterated, and 
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spread with a 1nantle of sand ·through which but few bowlders pro-· 
trude. The tamarack swamps and cranberry marshes in this region 
are but ancient lake beds, over whose sandy bottoms is spread a ve1·y 
shallow stratum of peat, through which an occasional large bowlder 
is seen. 

GLACIAL FEATURES. 

While at only two points in the Flambeau valley ice-scorings were 
noted, and at these points not sufficiently marked. to furnish accurate 
data as to the direction of movement, yet the oth~r evidences of 
glacial action at·e so numerous throughout the region that thet·e can 
be no donut but that a gigantic ice stream moved across this porti01.1 
of the state, from the northeast toward the southwest. Above the 
confluence of the two f01·ks of the FJanibeau, about twenty-two areas 
showing distinct kettles were noted, and sixteen areas showing parallel 
drift ridges or isolated knolls. Their position is shown upon the map. 
The extent of the kettle areas in a direction at right angles with that 
of the valley axes can only be conjectured at present, out their ex- · 
tent along the line of the streams, so far as observed, 'is never more 
than a mile or two, and is usually less. Occasionally the kettle knolls 
attain an elevation of 100 feet, but they are seldom more than 20 feet 
or 30 feet in height, and very often the merest hollows and hills. In 
the Upper Lake Region they are usually nearly obliterated, and are 
generally covered with a mantle of rather fine, yellowish sand, con­
taining a little gravel, which hides most of the bowlders except where 
the l~ettles are cut by the streams or washed by the lakes. A few or 
·the kettles appear to be mostly composed of sand and gravel. Those 
kettles in the Upper Lake Region which are not coated with, or com­
posed of sand, appear to stand above the general level of the conn try; 
they are steeper and more strongly marked than others of the region, 
and are clad with a dense growth of maple, elm, hemlock and yellow 
birch; woodmen speak of them as" hardwood ridges," and the Indians 
appropriate them for sugar bushes. One of these areas north of Tur­
tle lake has points 100 feet above the water level, and about Pokehama 
lake there are kettles of this sort 60 feet in height. In the Lowe1· 
Valley, however, the reverse of what has been said is true; there the 
kettles, though generally sm:;tll, are· more marked and rarely sand 
capped. in Sec. 10, T. 38, R. 3 W.~ there are hills rising SO feet and 
100 feet above the Flambeau, which flows at their feet. Occasionally 
long bowlder-ridges and isolated knolls are seen standing in the 
marshes, or other generally level tracts. These elevations attain a 
height varying from 20 feet to 110 feet, and trend from S: 40° E. 



612 GEOLOGY OF THE UPPER FLAMBEAU VALLEY. 

through due north ·and south to ·S. 40° W. The highest ridge of this 
sot·t noted trends north and south through Sec. 34, T. 38, R. ~ W. 
Along the east side of this flows the Dore F~ambean, 110 feet below 
its crest. Some of these knolls and ridges are evidently "hog-backs," 
like those in Jefferson county and other pot·t.ions of the state, but 
others I am inclined to regard as portions of transverse drift accumu­
lations, homologous with terminal moraines. 

The till of this region, if we may judge from appearances along the 
rhrer beds, contains a very large. amount of very coarse material. 
Many of the bowlders are so large as to be readily mistaken for rock 
in place, when partially covered with earth. On the north shore of· 
~owlder lake there is a large erratic, 43 feet long, 24 feet wide and 
20 feet high. . If the masses. of rock at Rocky Carry rapids, and those · 
below Flambeau, which hav:e been referred to are bowlders, some of 
them have two dimensions more than double the largest given ab0ve. 
This very coarse material does not present an e\·en upper surface, but 
appears to be thrown into lengthened ridges trending generally N. W. 
and S. E., across which the streams break usually after having flowed 
some distance parallel with them, forming the bowlder rapids that 
lmve been referred to, and of which about thi1·ty prominent ones have 
been noted and their positions indicated npon the map. It should be 
said in this connection, as suggesting a considerable linear extension 
of these bowlder ridges, that the bowlder rapids often lie in pairs on 
the two forks on lines not far from Yertical to the valley axes. A 
further proof of the linear distribution of these bowlders is found at 
Bowlder lake, whose north shore trending W. 40° N. is one continuous 
wall of granite blocks, piled as steeply as they will lie and extending 
more than a mile. The lake itself is dP-ep, free from islands and 
wholly without bowlders npon its southwest shore, even at the water's 
edge, while a mile and a half to the southwest, at the mouth of the 
lake, there is a bowlder dam which holds back the water of this lake; 
a line, too, drawn from the rapids parallel to the north shore of the 
lake, cnts across the kettle area between Sandy-bottom and Trout 
lakes. · 

It will be well here to attempt the correlation of some of the facts 
that have been presented, and in what follows it ~ill be assumed as 
probable that the marked kettle areas which have been noted, the 
bowlder rapids, the peen liar stream-flexures and most of the lakes in 
tl~e region under consideration indicate more than usual accumula­
tions of drift material where they occnr. Indeed, most of the strong 
h::mds of the North Fork and of the Dore Flam beau are due to 
morainic. deposits, along the bases o.f which the streams flow until 
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they can finally break over them and return again to their respective 
vall.~y axes; and from what has been said in regard to the· bowldet· 
rapids, it would- appear that those piles of coarse blocks are but the 
remnants of larger accumulati~ns of debris, ft'Om which the finer 
material has been removed by the streams and deposited so as to pro­
duce slack water at the bead of the rapids below them. -

It has been shown that the lakes of the Flambeau slope, in.clnding 
the four clusters west of the Chippewa river;furm linear series lying 
along the axes of the four valleys that have been pointed out, and 
that they are further gmuped into three broad concentric belts, con vex 
to the southward and extending across the valleys nearly at right 
angles to their axes. It is now to be shown that the npper·and mid­
dle lake belts are divisible into minor concentric ones whicl' are also 
convex to the southward, and approximately perpendicular to the 
valley axes~ and, that in these belts are found most of the kettle 
areas and bowlder rapids, observed by the writer, as well as many 
of the peculiar stream-flextues that have been referred to. These 
features are indicated more clearly and concisely upon the map than 
they can be described. It will be seen that these belts are eight in 
number, and that they appear to span the four valleys, except in the 
Upper Lake Region, where they lie further to the south. These eight 
belts are further divisible, it is believed, so as to make in all at least 
twelve or fourteen, though a larger map of the region. than the one 
accompanying this report would be required to make the subdivisions 
apparent, and more detailed work would be necessary to establish them. 

It is not affirmed that the facts in regard to topography, lakes, 
rivers and glacial deposits here presented, and correlated as they hav~ 
been, amount to demonstration, but it is believed that they strongly 
support the following propositions: 

(1.) A broad and probably·continuous sheet of ice moved south­
westward through a foUt·-grooved valley with the central portion 
usually keeping the lead. 

(2.) The front of the ice-sheet made a long oscillating halt during 
which were developed the morainic deposits in the IJower Lake 
Region, and probably by. similar causes, though less pronounced, the 
accumulations of the Middle and Upper Lake Regions took place. 

(3.) The three stages at least indicate three periods favorable to 
glacial accumulation i1pon the Flambeau slope. 

(4.) The eight transverse belts that are indicated upon the map are 
believed to be morainic in character. 

(5.) These morainic belts are regarded as·indicating so many minor 
periods of glaciation embraced within the three periods referred to 
above. 
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SOIL AND VEGETATION. 

As the Upper Lake Region and the Lower Valley are diverse in their 
glacial and drainagefeatures, so they are as regards soil and vegeta­
tion. As might be inferred fi·om what has already been said, tllf) soil 
in the Upper Lake R3gion is a rather fine, nearly uniform yellowish 
sand, containing very little argillaceous material, and but a small 
amount of vegetable mold; even in the tamarack swamp~, where 
peat is found, so far as observed, it is only a foot or two deep. Those 
kettle areas, however, in this region, which have never been sub­
merged, possess a soil that is a warm, argillaceous, sandy and gravelly 
loam. Passing down the Lower Valley the transition appears grad­
ual from a very sandy soil containing but little mold throngh.a 
warm sandy loam to· a more snbstant"ial soil containing mnch reddish 
clay mingled with sand, gt·avel and bowlders.· It shonld be borne in 
mind, however, in regard to these statements, that so much· of washing 
has taken place along the ri\rer bottoms that the featm·es there pre­
setited are not likely to be characteristic of the generally higher land 
a half mile or more from the streams. At one place on the South 
Fork, in a heavy forest of pine, hemlock and yellow birch, forty rods 
from the river, so much of erosion has been ac~omplished since the 
present forest occupied the soil, that now yellow bi1·ches may be seen 
standing upon their roots four feet above the ground. Often the river 
bottoms are little more than bowlder beds: upon \vhich the trees obtain 
so insecure a footing as to be easily overturned by the heavy winds 
which sweep up the valleys. 

Considering now the vegetation in the two regions, the contrast is 
seen to be strong. In the Upper Lake Region the trees are small, 
stunted and scattering; in the Lower V ~lley they are large, vigorous 
and dense. Norway and scrub pine prevail in the .former; white pine 
and hemlock in the latter. White cedar in the swamps of the latter 
are replaced by stunted tamaracks in those of the former. The paper 
birch stamps the strongest feature upon the face of the Upper Lake 
Region, while the yellow birch is found mainly in the Lower Valley. 
Spruce and bal$am are found in suitable places over the whole slope, 
but the latter is most abundant and most vigorous toward the south. 
Upon the unmodified kettle summits at the nm'th, and over mu~h of 
the high land further south, maple, elm, ironwood and basswood are 
found. A few small butternuts were observed near the mouth of the 
Dore Flam bean, and scrub black ·oaks were seen growing about the 
southern portion of Pokehama lake. Black alder and kinnickinnic 
fringe the s.treams, and upon some of the fiats small black ash, elm 
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and soft maple grow. The wild grass and sedge marshes are few and 
small, extending usually in .. narrow strips along the streams; the 
largest. of these occur on Turtle creek below the falls, and on· the 
North Fork between the month of Tu~tle creek and Sec. 19, T. 42, 
R. 4 E. The latter marsh attains in places a width of a mile or more, 
and through it the river takes a very tortuous course, often makin~ 
new channels for itself. Many of the small, open swamps in the 

·, U ppet· Lake Region bear a few cranberries, and it is said that J. S. 
Hoxey owns a cranberry marsh in Sees. 1 and 36 of Ts. 41 and ·42, 
R. 7 E., which he thinks of :improving. 

The aggregate amount of choice pine land in the Upper Flambeau 
slope is considerable, but it is conJined mo'stly to the Lower Valley, 
there being but little in the Upper Lake Region. More than 60,000 
acres of this land is owned by the Cornell University and offered for 
sale. Comparatively little of the choice pine lands lie in immediate 
con tact with the main channels, a "haul " of half a mile or more be­
ing the rule. The amount of pine that has peen wasted in this region 
by injudicious cutting probably exceeds that which has been marketed. 
It has been the practice of lnmbennen to go through their pine and 
select only the largest trees, leaving much really valuable timber 
standing. The result is that fires get into these choppin_gs and destroy 
what trees have been left standing, and often spread over- untouched 
sections. 

It is jnteresting to note how long the trunk of a large white pine 
will withstand disintegration when it falls in a damp, shaded forest. 
On the North Fork, there was seen a yellow birch sixteen inches in 
diameter, growing with its roots astride a white pine log more than' 
two feet in diameter and 50 feet long, which still retains its outline 
sharply. Of course the seed of the birch must have fallen upon the 
pine log afte.r it had become moss-clad and had decayed sufficiently to 
ftunish nourishment and support for the young birch until its roots 
could penetrate the earth. 





APPENDIX. 

:MIOROSOOPIO EXAMINATION OF A SUITE OF SPECI­
MENS FROM THE FLAMBEAU RIVER COUNTRY, WIS­
CONSIN, BY R. D. IRVING. 

The collection submitted, eighteen specimens in all, includes horn­
blende-schist and hornblende-rock, syenite, diorite, diabase, quartz­

. schist and gneiss. Most of . the specimens belong to the first named 
kinds; the remaining kinds being represented by only one specimen 
each. 

HoRNBLENDE-SomsT AND RooK. 

Here belong numbers 2e, 3, 4, 23, 42, 75 and 184, which are black 
and very fine-grained but still macroscopically crystalline schists; 44, 
45 and 46, which are dark grey, aphanitic schists, as also 133c and 
143, which are black, minutely crystalline hornblende-rock. In nearly 
all of the schistose specimens here included, the groundmass is prc­
dominatingly quartzose, usually making up but a small portion of the 
rock. In this respect, however, the groundmass varies ·somewhat, as 
also in the coarseness of its constituent granules, which are commonly 
very minute. The hornblende, always the main, and in nearly every 
case the g~eatly predominating constituent, is of the usual greenish 

· v:ariety (as seen in the thin section), and is present in minute blades, 
often distinguishable by the naked eye, which commonly lie with the 
foliation of the rock. In some sections there is als~ a general tend­
ency to an arrangement of the hornblende-needles with their longer 
axes in one direction. Other sections show this mineral in radiating 
tufts, and others again in interlacing blades. Orthoclase is present in 
nearly all of the specimens, but is generally much less abundant than 
the quartz, though in a few slices equaling it in quantity. The fol­
lowing accessories were noted in the several sections: plagioclase, 
biotite, augite, sahlite, garnet, chlorite, magnetite, titanic iron, a white 
decomposition· product of titanic iron, hematite, ochre, apatite and 
calcite. In most respects these hornblende-schists resemble those 
described by Dr. Wichman in Vol. III of these reports, as occurring 
largely in the Huronian of the ~arquette and Menominee regions. 
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The last two specimens mentioned above, Nos. 133c and 143, from 
their more massive appearance and lack of arrangement of the horn­
blende prisms -which are, moreover, much larger than in the schistose 
specimens- would seem to belong to hornblende-rock, .the first named 
specimen having a feldspathic base, the latter a predominatingly 
quartzose one. · ' 

The following are brief descriptions of the several thin sections: 
Specimen 13e. A nearly black, very fine-grained, but macroscop­

ical by minutely crystalline, compact schist. Minn:te shining needles 
of hornblende appear to make up most of the rock. Round whitish 
patches, -loth inch in diameter, are studded over the fracture. 

U. M. H or1Lblende, in minute blades, greatly predominates. The 
·blades appear mostly to lie in ~he plane of the section, a few only 
showing the prismatic cleavage. There is also evident a tendency of 
the blades to arrange themselves with their longer axes in one general 
direction. Q1.tartz, with some orthoclase, both· in minute particles, 
makes up the groundmass. The whitish spots above alluded to as 
seen macroscopically are made up of clusters of brilliantly polariz­
ing particles of sahlite. These particles are evidently in many cases 
fragments.of larger single cr·ystals, as shown by their ·corresponding 
optical orientation and cleavage directions. Magnetite is present 
in a few minute crystals and in fine dust. 

Specimen 3. Both macroscopically and microscopically similar to 
the preceding specimen. In this case, however, the hornblende 
prisms are cut for the most part transversely by the plane of the 
slice. 
The groundmass is :aner than in 2e, 'and the sahfite is not so plenty. 

Specimen .q,. Macroscopically this rock resembles the two pre<}ed-. 
ing, having, however, a much closer grain. 

U. M. Minute blades of hornbl~nde, in a ground mass of qua'rtz, 
with some orthoclase. · A few patches of calcite. 

Specimen 133 (17). A black, minutely crystalline, very fine-grained 
rock, not showing any schistose tendency in the small fragment sent. 

U. M. Greenish hornblende greatly. predominates, its blades inter- · 
locking and at times excluding the base. In other parts of the slice 
are large patches of the groundmass of quartz and ortlwclase. 
Biotite, in numerous small blades, apatite, in many minute rods and 
hexagons, and a little magnetite are also present. 

Specimen 4-13 (39). A nearly black, very fine-grained rock, showing 
minute whitish and reddi::;h spots. 

U. M.· Hornblende, in radiating tufts of pale greenish blades, is 
the main constituent. The white patches of groundmass are chiefly 
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orthoclase, with some plagioclase, and but very little quartz. A few 
clusters of magnetite particles are to be seen. 

Specimen #-4. A dark .gt·ey, aphanitic schist; mottled with minute 
white patches. · 

U. M. Chiefly a network of interlocking fibt·es and fibrous ct'ys­
tals of hornblende. The very sparse gronndmass is composed of 
ort!walase and quartz, which are occasionally ·aggregated into white 

. patches of some size. A few of the orthoclase particles exhibit the 
characteristic twinning. Sa!tlite is present in brilliantly polarizing 
blades and irregulat· particles. Olinodiagonal sections of this mineral 

. show an angle of 39° (augite angle) between vertical and elasticity 
axes. Besides the imperfect prismatic cleavage of augite, the charac­
teris-tic basal and orthodiagonal cleavages of sahlite are well marked. 
A very little magnetite is present. 

Specimen lp5 ( 42). A dark grey aphanitic schist. 
U. M. The slice is almost altogether made up of minute inter­

locking needles of green hornblende. A little of the usual ground­
mass, magnetite and sahlite are also to be-recognized. 

Specimen fr6. A schist resembling 44 and 45. 
U. M. Almost completely made up of interlaced microliths of 

lwrnblende. A small quantity of the usual qu,artz-orthoalase ground­
mass, sahlite or augite, and Aematite are also to be seen. 

Specimen 75. A black, very fine-grained schist, sparkling with 
minute hornblende blades. 

U. M. The hornblende lies mostly in the plane of the slice. The 
groundmass is of quartz and orthoclase, some particles of the former 
exhibitin§r cavities with minute fluid inclusions. .Augite, 

1
titania iron 

or magnetit~, and apatite are the accessories. 
Specimen 8~. A black 8chist resembling 75. 
U. M. The hornblende, which lies mostly in the plane of the slice, 

is much less abundant than in any of the foregoing rocks. The ground­
mass is chiefly of quartz with a littleortlwalase. O!~loriteis present in 
bluish-green, non-dichroitic or feebly dichroitic scales, as large as. the 
hornblende particles. Pinkish garnet appear-3, in a few clusters of ir­
regularly outlined particles, .045 m. m. to .140 m. m. in diameter . 
. Titania iron is abundant in more or less distinctly hexagonal shapes. 
II(jrnatite and very rare apatite are also to be recognized. 

Specimen 184 (89). · A black, fine-grained, highly crystalline schist 
resembling 75 and others of the above described rocks. 

U. M. The greatly predominating lwrnblende needles, averaging 
.45 m. m. long, lie wholly in the plane of the section. The interven­
ing white matter is chiefly quartz, but orthoalas.e and plagioclase ·are 
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b:::>th recognizable. Ma]J~etite appears in a few clusters, ~nd ochre 
stains are to be seen at a few points. 

Speci'tnen 133o (49). .l\. black, highly crystalline rock, not so very 
fine-grained as the preceding. · With th3 lens can ·be recognized 
hornblende. quartz, pyrite and a white feldspar. 

lJ. M. Hornblende makes up most of the slice. It does not show 
any tendency to a s~ngle direction, the ·blades presenting all sorts of 
sections and lying in all directions. The blades have the usual jagged 
edges and are often as much as .65 to 8 m. m. wrde. The other in­
gredients at·e: orthoclase, ·much altered to ~r.wlinite; rat·er quartz; 
titanic iron, largely altered to a gt·eyish white substance; and apatite. 
· Specimen 143. A black, highly crystalline, fine-grained, non­
.schistose rock. 

U. M. Hornblende, in c.rystals often 0.75 m. m. in length, and not 
lying in· any definite direction, is the main ingredient. In the inter­

. vening white spaces quartz predominates, but with it may be recog­
nized a few plagioclase particles. .There are also present titanic iron, 
with its characteristic white alteration-product, and apat·ite. 

SYENITE. 

Speciri~en 133e (50). A black-and-white-mottled, moderately fine- · 
grained rock. Both hornblende and orthoclase can be recognized 
. macroscopically. · 

U. M. Interlocking blades of hornblende, and mnch kaolinized 
ortlwclase, in larger particles than those of the hornblende (sometimes 
3 to 4 rn. m. across), are the main ingredients. There is also present 
chlorite, resulting from an alteration of the hornblende. 

The lack of any fine groundmass, and presence of large orthoclases, 
make this rock properly a syenite. 

DIORITE. 

Specimen 133b (48). A moderately fine-grained, mas3ive, black 
rock. The hornblende and feldspar can both be recognized macro­
scopically. The powdered rock effervesce3 quite briskly in hot hydro­
chloric acid. 

U. M. The hornblende is in quite large crystals, compared \Vith 
those of the hornblende-schists, and exhibits very intense absorption 
arid dichroism. Plagioclase appears in large, much altered crystals. 
Traces only remain of the characteristic banding in the polarized 

·light, a few grains; however, showing it plainly. There are also 
present secondal'y calcite in quite large grains, quartz, a·ugite and 
'JJI.agnetite. The rock is a " quartz-diorite." 
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DIABASE. 

Specimen ~6. A fine-grained, compact, very minutely crystalline, 
massive, black rock. . 

U. M. The constituents are: Augite, largely altered to wralite, 
which is met with surrounding cores of the augite, and penetrating 
it along fissures; plagioclase optically near labradorite, and often 
much altered, yielding then an aggregate polarization; and magnetite, 
which is abundant and of~en in distinct crystals. The rock is a 
" nralitic diabase." 

QUARTZ-SCHIST. 

Specimen 133 f (51). A very fine-grained, arenaceous, light grey 
schist. The particles can be crumbled apart with the fingers. 

U. M. The greatly predominating sandy gronndmass fs made of 
minute quartz-granules. In this groundmass are numerous very 
narrow blades of biotite, ho1•nblende and chlorite, named in order of 
relative abundance. Sparsely scattered magnetite in distinct oc'ta-. 
hed1·a, and single rolled qnartz.grains, mnch larger than the constitu­
ent grains of the groundmass, are also to be seen. 

GNEISS. 

Specimen 'i'i. A fine-grained, dark-greenish-gra,y, schistose rock, in 
which quat·tz, pinkish cleavable orthoclase, and a soft, bright lnstred, 
dark greenish grey micaceous mineral,can be recognized macroscopic­
ally, the last named constituent coating the schist plane. 

U. M. The main ingredients recognized are: Much altet·ed ortlw-
. clase/ quctrtz, like the quartz of gmnite; with numerous liquid-filled 
cavities, many showing a bubble; plagioclase/ and a greenish cl~loritic 
substance (~iridite). The latter ingl'edient cannot be assigned ·to any 
known mineral. It occurs for the most part in quite large areas hav­
ing an imperfectly fibrous structure. Faint traces of dichroism can . 
be observed in some of the fibres, .but nearly all of the greenish areas 
remain wholly dark in all positions between crossed nicols, or are dark 
with a few minute patches of light. A very few of these areas show 
traces of cleavaO'e and then a more distinct dichroism. A few of 

0 . 

them show no inclusions, but most contain numerous brown, opaque 
needles, crossing each other, and radiating,· but on the whole appear­
ing to emphasize the cleavage of the original mineral. This would 
seem to have been hornblende. Minute particl~s of hematite and 
biotite and a few good sized apatite crystals were noticed. 

• 
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PR·EF ACE. 

In Vol. II of this series of reports, I have described briefly the 
crystalline rocks of the Wisconsin river valley so far as the field ex­
plorations then completed made it possible. T~e lithological descrip­
tions were based upon the older methods, being only in a few instances 
reinforced by incomplete microscopic examinations by 0. E. vVright.1 

Subsequent to .the publication of that volume, further explorations 
in the region about Wausau, and thence northward, were made by A. 
0. Clark of that place. Mr. Clark's note books and speCimens were 
placed in my hands in the early part of 1880, with .~he request that 
I should examine his collections microscopically. The opportunity 
was then taken to include in this study all the specimens which I ·had 
myself collected in this region in 187 4, and thus to prepare a report 
which should embody all the material collected up to this time. 

In the summer of 1880, after having made a first general examina­
tion of most of these specimens with the microscope, I found my hands 
so full of other work that it became necessary for me, in order to 
complete this study, to call in the aid of Mr. 0. R. Vanhise. Mr. 
Vanhise's work has consisted in the detailed examination of all the. 
sections for the tables of microscopic descriptions of the following 
pages. My own share of the work has consisted in the constant 
.supervision of the microscopic work, in the correlation of results, and 
in the preparation of the maps and text of this report. 

Many rock exposures in the vVisconsin valley remain yet unex­
amined; so that what is here given can be regarded only as a record 
of results to date rather than as a complete presentation of all of the 
obtainable facts with regard to the crystalline rocks of the region in 
question. This report, then, being so largely in the nature of a sim­
ple record of progress, I have thought it more appropriate to group 
the descriptions so as to correspond .to the accompanying series of 
sketch maps. The numbers used in the tables of microscopic descrip­
tions are the original collection numbers, the specimens corresponding 
.to which will be found in the cabinets of the State University, and of 
the Wisconsin Academy of Sciences, and, less completely, in those of 
the State Normal Schools, of Beloit, Racine, Ripon and J\IIilton Col-
~eges, and of Lawrence University. R. D. IRVING. 

VoL. IV -40 
1 See Vol. II, p. 637. 
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CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 
I 

ROCKS OF TIIE VICINITY OF GRAND RAPIDS .. 

SKETCH M.A.P I. 

The crystalline rocks of the area represented upon Sketch Map I 
make their principal exposures in the bed of the Wisconsin river from 
Point Bass almost continuously to the eastern line of the map. In 
the southern half ·of this map, everywhere away from the river, they 
are buried beneath a rather thin covering of the Potsdam sandstone. 
In the northern half of the map, the Potsdam sandstone presents itself 
in detached and as yet ill-defined areas, which gt·ow smaller and 
rarer towards the north. In the intervening spaces, the crystalline 
rocks appear everywhere to be near the surface, the small cuttings, 
for instance, upon the line of the Wisconsin Valley Railroad, stl'ip­
ping them continually. Although so near the surface in these areas, 
they nevertheless make but few and unsatisfactory exposures, being 
either covered with marsh p.eat or weathered down into soil. 

The general characters of the rock exposnres of the Wisconsin 
river above and below Grand Rapids have been given somewhat fully 
in Vol. II.1 

The descriptions there given represent these rocks as a series of 
micaceous gneisses, trending from N. E. by E., to E. by N., and often 
decomposed into kaolin, with a very high northerly or southerly dip; 
iuterstratified with which, in subordinate quantity, are hontblende 
schists, and intersecting which are masses and veins of granite and 
gmnitell. Our subsequent microscopic stndy modifies this descrip­
tion only so far as to include intrusive masses of black olivine-diabase, 
which, at the time of the original examination, were not separated 
from the macroscopically similar hornblende rocks.2 The intrusive 

1 Geo~ogy of Central Wisconsin, pp. 466-477. See, also, for description of sandstone 
of this vicinity, pp. 529 to 530, E63 to 565. 

t The hornblende rock of Figs. 7 and 8, p. 473, Vol. II, is an olivine-diabase. Both 
the diabase a.nd the red granite-iike rocks of these figures are to be taken as intrusive. 
The rock mentioned at the bottom of p. 475 (884) is also olivine-diabase, as is also that 
of Bed 10, Grand R.apids section, p. 473. 
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granite, also, is all }·ather in the nature of a granite11, often tending 
towat·ds a granitic··porphyry: In the following tabulations, the results 
of the inicroscopic study are gi \ren separately for t~1e gne i~ses, 
schists, granitells, hornblende schists, and olivine- diabases, in the 
order named. · 

The gneisses are coarse-gntined to fine-grained. In color, the coarse 
kinds are commonly mottled white and black, or pink, white and black, 
while the finer kinds tend to a more uniform gray or pinkish-gray 
color. The feldspar, quartz and mimi are generally recognizable, the 
feld'spars including both flesh-colored and white kinds, while the mica 
is eithet· or both of black biotite or silvery muscovite. In kinds 
holding mnch chlorite, that mineral ie perceptible in minute greenish 
particles, or prod nces a general greenish hue. A schistose structure 
is always strongly developed and is emphasized by. the aggregation of 
the mica along certain planes. 

Under the microscope the feldspars and the quartz of these gneisses 
always make up the larger part of the rock. The former commonly 
predominates, although in some sections the quartz forms as much as 
four-fifths of the whole. Of the feldspars, orthoclase, except in one sec­
tion, is the predominating one, and occasionally excludes entirely the 
tricliuic kinds. It is nearly always mot·e or less clouded and whitish 
from alteration, the. alteration being not nnfrequently carried very 
far. Its common inclusions are apatite, in the usnal needle-shaped 
crystals, and augite or epidote in rounded particles. Oligoclase 
nearly always accompanies the orthoclase, but is commonly subordi­
nate to it in q nantity. As to appearance and inclusions it closely re­
sembles the orthoclase, from which it is. commonly indistinguishable 
in ordiqary light. 

The q nartz cor_nmonly makes up from a fourth to a half of the 
section, only oc0asioiially running up to three-fourths or four-fifths 

of the whole. Its most usual mode of occurrence is in large irregu­
la.rly shaped interlocking individuals, which bear such relations to the 
other ingredients as to indicate its relatively late crystallization. In 
some sections, however, the large q nartz areas seen macroscopically 
resolve themselves into aggregates of minute rounded particles. The 
most common inclusion in the quartz is the apatite, in the usual 
need~es. Rutile needles, rounded grains of augite and liquid-filled 
cavities- in some sections of unusual size- are also found. 

The micas, which come next in order of abundance, are always in 
quite subordinate quantity, the biotite being much more common 
than muscovite .. The ordinary mode of occnJTence is in aggregates of 
irregular blades, these aggregates in some sections including round.eu 



ROCKS OF THE VICINITY 01!., GRAND RAPIDS. 620 

grains of augite, which mineral, either in a fresh condition or more 
or less altered to chlorite, is a very common accessory in all of these 
rocks. Other accessories are hornblende, .seen only in two sections; 
titanite, which is quite often met with in the usnal wedge-shaped or 
rounded pieces, sometimes with a border of grayish material; titanic 
iron, surrounded by the usual decomposition product, in which ·at 
times titanite is found as if a secondat·y crystallization from the gray 
substance; chlorite, in ~mall particles, probably always as an alteration 
product of atigite.; ochre, in small brownish p~rticles, often resulting 
from the alteration of biotite; and bright-red hematite particles. 

The granitell veins and ma.sses, which penetrate the Grand Rapids 
gneisses, present two kinds of rock. The most common of these is 
very :fine-grained and compact, and of a pinkish color. Under the 
microscope, it is seen to be composed almost entit·ely of quartz and 
orthoclase with some microcline and oligoclase, in addition to which 
are minute quantities of muscovite, apatite, magnetite, hematite and 

~cln·e. In this rock we have an· intet·mediate phase between the 
aphanitic felsi.tes and the coarser granites. .The other kind is· exter­
nally of a bright re~ color and showo nnmel'Oua large sized, deep red 
facets of feldspar and translucent quartz. Under the· microscope the 
feldspars are found to predominate. They are orthocl~se and oligo­
clase, both much decomposed and reddened. Quartz occurs in large 

'I) patches as well as in smaller areas within the feldspars. Thet·e are 
also present between . the feldspar crystals patches of a finet·-grained 
matrix-like substance also charged with q ual'tz, rn uch if not all of 
which mineral throngh the section is o.f secondary origin. Minor 
ingredients are augite, chlorite, titanic iron. In many respects this 
rock bears a close resemblance to the red granite-like rocks of the 
Keweenawan set·ies of Lake Superior which I have elsewhere described 
under the name of augite syenite.1 

The hornblende schists which are interbedd8d with the Grand 
Rapids gneisses present a very fine grain and a black color. Unrler 
the microscope, hornblende and orthoclase are seen to be the chief con­
stituents. In addition to these occm· 9,s accessories: atigite, in numer-

. ons small grains; apatite, in very abundant crystals; quartz, filling a 
few corners; biotite; hematite; and ochre. An analysis of one of these 
hornblende schists by 1\{r. M. Swenson yielded the following results: 
silica, 52.39; alumina, 16.13; soda, 2.59; potassa, 1.42; iron sesq ni­
oxide, 1.64; ir0n protoxide, 1.44; iron in sulphide, 0.34; lime, 8.76; 

1 ;• The Copper Bearing Rocks of Lake Superior," Publications of the U. S. Geolog­
ical Survey, 1882. 
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calcium in phosphate, 0.815; magnesia, 4.70; manganese oxide, 0.82; 
sulphur, 0.39; pho~phoric acid, 0~28; water, 0.17 ;_ chlorine, trace; 
fluorine, trace=100.085. These constituents Mr. Swenson, from· a 
study of the ·thin section, distributes as follows: hornblende, 65.21; 
orthoclase, 19.19; oligoclase, 9.13; apatite, 0.405; biotite, 2.04; mag· 
netite, 9.41; pyrite, 0.73; limonite, hematite and water, 1.27; q nartz, 
1.70=100.00. Augite did not occur in the sectio~ examined by Mr. 
Swenso~, and does not. therefore .appear in ·his analysis. It is to be 
regarded as quite a comm.on constituent of these rocks, which furnish, 
howev.er, only one instance of the .. all bu"t universal presence of augite 
in.the hornblende-bearing rocks of the Wisconsin valley region. 

The intrusive diabases of the Grand Rapids gneisses are externally 
fine-grained, black and heavy. Under the microscope, they are seen 
to consist chiefly of triclinic feldspar (labradorite) and augite. The 
crystals of the latter mineral, as so common in similar rocks from 
regions, inclose many feldspar individuals. Both feldspar and augite 
are commonly quite fresh. Olivine occurs in numerous irregularly 
bounded p~rticles which are sometimes quit_e fresh, but in other cases 
are completely altered to· serpentine, with which occur magnetite and 
hematite in such a way as to suggest that they also are alteration 
products of the olivine. Magnetite also occurs abundantly as an orig­
inal i~gredient. Apatite crystals are abundant in both feldspar and 
augite, though much more plentiful in the former. This olivine dia­
base resembles many of the finer grained olivine-diabases of the Ke­
weenawan series of 'the Lake Superior region, presenting, however, a 
rather more confused section. 
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. H ·a 1--1 
G> 

'i p.. 
00 > Name. Place. d Macroscopic descriptions Constituents as determined by the microscope. -s:: <J.i 

a) 0 d b.c 0Cl) :.0 oS ~ Q !:= ~ 
c;3 (!) 0 c;3 

z ~ rD. E-1 P:: 
-- ---- ~ 

64 467 Muscovite-biotite- Point Bass. 10 21 5E. C oars e-g r a i ned; Orthoclase predominant, much decomposed,....;.. 
gneiss. pink-white-and-black- while the mass of the crystals show a uniform 

~pottled; co m p a c t . color, a considerable portion is kaolinized; much 
Flesh· colored feldspar, oligoclase, also de_composed; qumtz; biotite, abun-
quartz and black mica dant; muscovite, m a few patches; apatite; limo-
are recognizable. nite; titanic iron, in large quantity, largely de-

composed to the ordinary gray alteration-product. 

8 

68 468 Biotite-gneiss. Whitney's Rapids. S.W. 21· 5E. Orthoclase and oligoclase, both decomposed; 
10 qua.-rtz; biotite; very litt.le muscovite; apat-ite; 

magnetite; hematite. 

8 

69 466 Augitic b i o t i t e- Whitney's Rapids. 15 21 5E. Fine-grained; white- The feldspar chiefly orthoclase; some oligoclase; 
gneiss. and-black-mot t 1 e d; quartz; biotite; augite, partly altered to chlorite; 

ma.ssi ve; strongly much apatite as an accessory in both the feldspar 
schistose. Feldspar, and quartz. 
q u a r t z and m i c a 

8 

flake8, recognizable. 

791468 Augitic biotite - Edwards' and Clin- 25 22 5E. Coarse-grained; Feldspar and quartz make up almost the entire 
gneiss. ton's mill, foot of pink-light-gray- and- mass of the rock. Orthoclase, decomposed; some 

Grand Rapids. black-mottled; mas- oligoclase; quartz, the grains holding numerous 
sive. Pink and light large vapor-, and liquid-filled cavities, many of 
gray feldspar and dark the latt-er containing bubbles, which are so large 

I 
colored quartz recog- that they are plainly visible when magnified 78 
nizable. diameters; biotite; augite, and its decomposition 

product chlorite, present in small quantities; 
patches of hematite and limonite; apatite. · 

8 



TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE GNEISSES OF GRAND RAPIDS AND VICIN~TY- Con . 

I ......; 
'6 1--1 

Cl.> 
s:4 0 w. > Name. Place. d Macroscopic descriptions Constituents as determined by the microscope. 
-$:l 

a) 
OCl.> <li ~ d l:l{) 

aS l:l1l <:) ::: $:l 
~ Cl.> 0 cd z Poi w. E-t ~ 

-- --- --- -- --

88?, 469. Augitic biotite- Edwards; and 25 22 5 E. Medium-grained; Very like tl:ie above; chlorite more plenty; cav-
gneiss. Clinton's mill. pale pink, light gray ities in the quartz larger, some being .04 mm. 

and dark green mot- across. 
tied;_ massive. Felcl-

\ spars, q].lartz and Ius-
~ 

trom; chlorite, recogni-
zable. 

833 472 Augitic biotite~ Section at Grand 8 22 6 E. Fine-grained; light Orthoclase, the chief feldspar; some oli,qoclase; 
gneiss. Rapids. Station 1. 1 pink to greenish gr~-iy; quwtz, bearing little apatite and much augite as 

compact. Felcl spar, inclusions; biotite and augite abundant, commonly 
quartz, and mica, the packed together; chlorite as a decomposition pro-
la.tter- concentrated in duct of augite; apatite; brown stains of limonite. 

I 
layer3 along the schis-

I tose pin,nes, are recog-
i nizable. 
I 

836 4i2 Augitic biotite- I Section 8 22 6 E. Coarse-grained; Orthoclase and oli,qoclase both present, former I at Grand I 
gneiss. ! Rapids. Station 2. I white and black mot- in much the larger quantity, both ben.ring as in-

tied; massive. White elusions numerous rounded grains of augite or 
I I ft:lclspar, p e II u c i d epidote, and many of apn.tite crystals; quartz, -! 
I I quartz, and blaek Ius- containing a few grains of the above mentioned 

trous mica, recogniza.- minerals as inclusions, and black neeclles of rutilE>; 

I ble. b-iotite, very abundant; augite, h01·ublende, little 
chlorite, apatite, titanite in few large brownish-

I 
· yellow individuals, in some cases snrrounded by a 
gray decompositio:1 product which is apparently 

I 
identical with thn.t formed by the decay of titanic 

I l I iron. 



83814721 .Augitic g n e is s.

1

1

1

, Section at Gntnd 1 

Rapids. Sta~on a. I 

83914721 gn~~~~ritic augite- I R~p'\"J!~n S~tfo';;'2~ 
I I I 

· 840 l ~721' Augitic biotite •
1

: 

I 
gneiss. 

. I 

844 

847 

! I .I 

I I 
I I I ., 

Augitic bioti te-1 
muscovit~-gneiss. 

472 

I 

14731 
I i 

I 
I 

Chloritic biotite-~ 
gneiss. 

l 

Section at Grand 
Rapids. Station 3. 

Section at Grand 
Rapids. Station 5. 

Section at Grand 
Rapids. Station 15. 

8 22 

8 22 

8 22 

8 22 

8 22 

6E. 

6E. 

6E. 

6E. 

6 E. 

Fine-gra.ined; light 
yellowish gray; cam­
p a c t. F e I d s p a r, 
qnartz and mica, rec­
ognizable. 

Fine-grained; light­
pink to yell o w is h 
green; massive. Feld­
spar, quartz, and shin­
ing mica, recognizable. 

Fine-grained; uni­
form dark gray; very 
compact. Quartz, feid­
spar and mica recog­
nizable. 

Fine-grained; bright 
gray to black; com­
pact. ·white quartz, 
feldspar and nuca in 
light gray shining 
flakes are recognizable. 

Coar s e - g r a i n e d ; 
massive; pink. Flesh­
colored feldspar, clear 
quartz and gre e u ish I 
black chlorite are rec­
ognizable. 

Feldspar much decomposed; quartz, g.a:ns 
very small; augite as chief accessory, and as de­
com position product; chlorite; apatite; limonite. 

Feldspar much decomposed, probably for the 
most part orthocla~e; quartz in a.g-gregates of 
small grains; Little biotite; 1nuscorite; augite in 
every part of the section in small rounded grains, 
many in part altered tJ chlorite; chlorite in con­
siderable quantity; apatite; hematite; limonite. 

Orthoclase.· and oli,qoclase both present, very 
fresh, the last predominant; qumtz composing 
four-fifths or mo.e of the entire mass of the rock; 
biotite; aug-ite often in aggregates of rounded 
grains; chlorite as an alteration product of augite; 
apatite; titanic it·on abundant, often decomposed, 
being changed in one place to its common gray 
decomposition product ttitanite of calcium), which 
has been further changed by the addition of silica 
to sphene; limonite. 

The feldspars, quartz, biotite, augite and the 
accessories, limonite and chlorite, occur precisely 
as in 1:;40; muscovite is rather n.bundant, but there 
is no titanic iron or sphene. 

More than half feldspar, orthoclase and oligo­
clase; quartz containing little apfltite; little biotite; 
a goo::l <leal of chlorite; limonite stams. 

i These stations u~c 50 feet apart, measmed on n line running N. \V. from the shore of the _r.ver' near the Hablin House, Grand Rapids. See Vol. II, p. 0(\), 
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TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE GNEISSES OF GRAND RAPIDS AND VICINITY -Con. 
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Constituents as determined by the microscope. 

-- -- --------- ---------- ------- ----------- ------·-------·---------
850 473 Gneissoid biotite- Section at Grand 8 22 6E. Coarse.- grain e d ; Orthoclase and oligoclase predominant, consid-

granite. Rapids. Station 19. massive; pink and erably decomposed; biotite, greenish and often 
w h.i t e . F e l dspar, changed in part or wholly to chlorite; a little apa-. 
quartz and black mica, tite; decomposed titanite, one large wedge-shaped 
recognizable. piece 1.4 mm. long; other smaller pieces rounded;· 

limonite; ·titanic iron; very little muscovite. · 

853 474 Biotite-gneiss. Section at Grand 8 22 6E. Very co'arse-grained; Orthoclase and oli,qoclas.e; quartz, compara-
Rapids. Station 21. massive; white-pink- tively free from apatite; a good deal of biotite; 

and-gray-mottle d. little chlorite; magnetite or titanic iron. 
Feldspar, quartz, and 
greenish black m i c a, 
recognizable. 

856 474 Biotite-muscovite- Section at Grand 8 22 6E. Mediu.m-graine d; 01thoclase; microcline; vligoclase ,· quartz; bio-
g--new. Rapids. Station 30. I texture not very con1- tite, abundant; muscovite; chlorite; little apatite; 

1 pact; pink to greenish magnetite,· hematite; limonite. 

l 
gray. Large feldspar 

I crystals, white quartz, 
and black n1ica recog-
nizable. 

858 474 Augitic biotite- Section at Grandi 8 ·22 6E. Differs but little fron1 This rock is not different fron1 the above, except 
482 gneiss. · · Rapids. Station 38. 856. that it bears augite while 856 does not; the other 

minerals are the same. 

860 475 Biotite-muscovite- Section at Grand 8 22 6E. Fine-grained; CODl· This rock contains the same minerals as'856. It 
gneiss. Rapids. Station 44. pact; Rink to greenish differs from it only in being much finer grained 

gray. E eldspar, quartz, and containing more apatite. 
and n1ica, recognizable. 1 



885,475 Cbloritic biotite- Centralia. 
gneiss. 

065 477 Biotite-muscovite- Ten miles south of 
gneiss. Junction City on line 

of Wisconsin Valley 
Railroad. 

8 22 

29 23 

sE.J 

6E. 

Orthoclase in large crystals, partly decomposed; 
quartz in numerous small rounded granules, many 
making up a grain as seen macroscopically; bioiite; 
chlorite; apatite abundant in the quartz; a few 
minute scales of. muscavite; magnetite; hematite; 
limonite. 

Orthoclase; microcline; oligoclase; ~ uartz most 
abundant mineral; biotite; less muscovite; scat­
tering grains of augite; little chlorite; apatite 
very plenty, some of the crystals of Uilusual size; 
ochre stains. · 
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894 473 
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TABULATION OF MICROSCOPIC OBSERVATIONS ON GRANITELL OF GRAND RAPIDS. 

Name. Place . 

---
Granite H. Edwards' and Clin- 25 

ton's mill. 

Granitell. Section at Grand 8 
Rapids. Station 36. 

-Granitell. Grand Rapids. 8 

--
22 

22 

22 

ai Macroscopic descriptions Constituents as determined by the microscope. 
biJ 
§ 
~ 

--
5E. 

6E. 

6E. 

Orthoclase and oli,qoclase, the latter predom­
inant; quartz; very small quantities of the f,>l­
lowing: nmscovite, magnetite, hematite, limonite. 

Fine- grained; very Composed almost wholly of feldspar, and quartz, 
compact; bright pink. . the lattet· predominant; orthoclase; microcline; 
Feldspar and quartz -very litttle apatite; magnetite; hematite; limonite. 
recognizable. 

Very coa.rse·grained; 
massive; bright red. 
L[Lrge deep-red feld­
spar c r y s t a 1 R a n d 
patches of translucent 
quartz are vis1ble. 

Orthoclase and oli,qoclase, both much decomposed, 
the latter predominant; little biotite; chlorite; au­
gite; titanic iron in a few large patches, shown to 
be this by its gray decomposition product; apatite; 
oxide of iron staining the feldspars; quat·tz in 
large pl':.tches, in part secondary. Beside the or­
dinary quartz and feldspar, there are present 
masses of a matrix-like substance wh1ch contains 
smaller crystals of feldspar and secondary qriartz. 
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870 466 Augi tic horn-
blende-schist. 

Whitney's Rapid::.. . 15 21 5E. Fine- grained; very 
compact; black; uni-
form in appearance. 

Orthoclase the predominant feldspar; oiigo-
clase; hornblende, very plenty, this and orthocli:tse 
being the chief constituents; numerous small grains 
of augite; apatite plenty; little quartz; titanic or 
magnetic iron; hematite. 

881 469 Augitic horn- Edwards' and Clin- N.W. 22 5E. Like 870. Differs from 870 only in containing considerably 
blende-schist. ton's mill. :>6 more augite. 

846 472 Aug it i c horn- Section at Grand 8 22 6E. Differs from the two Groundmass composed of orthoclase, oligoclase 
blende-schist. Rapids. Station 11. preceding only in that and quartz, all in some quantity; h01·nblende the 

tbe specimen shows a most important coustituent·of the rock; augite in 
finely schistose struct- some quantity; biotite;· magnetite or titanic iron; 
ure. apatite. 



TABULATION OF MICROSCOPIC OBSERVATIONS ON OLIVINE DIABASES OF GRAND RAPIDS. 
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848 473 Olivine-diabase. Grand Rapids. 8 22 6E. Fine-grained; of a Olivine, in numerous patches, commonly with 

close, even t e x,t u r e; fresh cores, but many particles completely altered 
black; uniform in ap- to serpentine, magnetite and hematite; numerous 
pearance. large crystals of apatite; both in feldspar and au-

gite, though much more plentiful in the former; 
labradorite, much magnetite, in part only formed 
as a result of decomposition of olivine; augite in 
large areas, a single one often enclosing many 
individuals of the other ingredients; hematite; 
biotite. -. 

874 Olivine-diabase. Grand Rapida:;. 8 22 6 E. Differs ·from 84 8 Finer grained than the preceding-; the olivine 
only in being finer very fresh, the only alteration occurrmg in narrow 
grained. bands along the fissures and outer surfaces. With 

these exceptions the rock is precisely like 848. 

884 Olivine-diabase. Centralia. 8 22 6 E. Same ns 874. So like 848 that the section would not show 
. they were from different specimens. 

893 .. Olivine-diabase. Grand Rapids. 8 22 6E. Very fine-grained; Crystals smaller than in any of the preceding 
otherwise same as the . numbers; otherwise in no way different from 874. 
preceding. 
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ROCKS 01!, THE VlC.lNITY OF STEVENS POINT. 639 

ROCKS OF TJ:IE VICINITY OF STEVENS POINT. 

SKETCH MAP II. 

The rock-exposures of this map are for the most part confined to 
the bed of the Wisconsin river, and the line of the Wisconsin Cen­
tral Railroad ·west of the river. The rocks seen in these exposnres 1 

are plainly·merely a continuation-,vith reversed (N. W.) dip-of 
the Grand'Rapids gneisses, the anticlinal, as I have previously shown, 
lying not far from the great bend and the long southwestward stretch 
of the Wisconsin river in southern Portage and Wood counties. Be­
tween the Grand Rapids gneisses and those of the vicinity of Stevens 
Point, there are no essential differences. The latter tend to become 
rather more micaceous and more coarsely g1·ained than the former; 
and to have·the oligoclase a more prominent constituent, it being at 
times even the predominant feldspar. Hornblende is also rather 
more common in the sections of these gneisses than in those of the 
Grand Rapids rocks.2 

1 Vol. II, p. 481. 
2 For further descriptions of the exposures of the Stevens Point region, see Vol. II, 

pp. 478-481, where the supposed mica-schist of Fig. 13 is in fact hornblende-schist. 
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814 j Biotite-gneiss. "Yellow-Banks," 

I 
10 23 8E. Medium·gra in e d; 01thoclase, predominant feldspar; oligoclase; I 

I Wisconsin river. da.rk gray; compact. nuartz, chief constituent; biotite, abundaut_in small I 
I Light pink feldspar, 1 akes; chlorite; apatite; magnetite; hematite; 
f quart.z,and black mica, limonite. l 

I i 1- : recognizable. 
778 1 481 , Hornblende-bio- i Conant's Rapids. 1 N. E.f 23 8E. Coarse - g r a i n e d ; Orthoclase and oligoclase, the former predomi-

I 
tite-gneiss~ 17 . dirty white and black nant; qua·rlz; biotite and hornblende abundant, 

mottled. .Feldspar, crowded together along the schistose planes; all 
quartz, shin1ng flakes of the above chief constituents occur in large in-

I of mica, and black dividuals, ma.ny of each being from 1 mm. to 2 
hornblende are recog- mm. across; little apatite. · 

I nizable. I 7791479 Granitoid biotite- Conant's Rapids. I 8 23 8E. Medium-grained; Orthoclase; mic1·ocline; oli_qoclase; quartz, the 
gneiss. compact; massive; largest constituent of the rock;· biotite; few grains 

light gray, speckled hornblende; numerous sharply outlined crystals of 
I with black. White apatite visible with low power. 

porcelanous feldspar, 
pellucid quartz, shin-
ing flakes of mica., and 
a few grains of pyrite 

I are recognizable. 
782 4791 Chloritic biotite- Conant's Rapids. S.E. 23 8E. Coarse-grai~ed; very Little orthoclase/ oli,qocla.c;e and quat·tz com-

gneiss. 8 oompltct; br;gbt p;nk I pose the larger part of the rock; biotite abundant; 

I 
to black. Red feld- the crystals of the above minerals are large, being 

I 
spar, translucent often from 1 mm. to 2 mm. across; some augite, 

i q u a r t z, mica, a n d · largely altered. to chlorite. 
i green chlorite are rec- J 

J ' ognizable: 



'783,479 Chloritic biotite- Conant's Rapids. 8 23 8E. Fjne· grained; of an Orthoclase and oligoclase, both much decom-
gneiss. even texture; light- posed, the former predominant; quartz, compos-

gray; quartz, feldspar, ing about nine-tenths of the rock; biotite; chlorite: 
and mica, recognizable inuch apatite in large well-outlined crystals as in-

<: elusions in the quartz; brown stains of limonite. 0 
~ 

~780 479 Biotite-gneiss. Conant's Rapids. 8 23 8E. Medium-grained; of Orthoclase, the predominant feldspar; little oli- ~ 
I a uniform compact goclase; qumtz; rock composed almost wholly ·of 0 

0 
~ texture; white to light the above minerals; very little biotite; chlorite; p:j ~ 

pink. D a r k colored apatite; and limonite. UJ 

translucent quartz and 0 
feldspar recognizable. t:::j 

1-3 
797 480 Augitic horn- Conant's Rapids. s.w. 23 8E. Differs from 782 only Orthoclase and oligoclase, the latter predomi- ~ 

t:r:l b l e n d e-b i o t i t e- 5 in that, beside the min- nant; quartz, unusually full of cavities and con-
~ gneiss. erals there seen, black taining little apatite; biotite and hontblende, quite . ........ 

crystals of hornblende plenty; augite, in some quantity, most individuals 0 ........ 
are visible. in part altered to chlorite; limonite. This rock is z 

very like 782, the only differences beinfe a slightly ........ 
1-3 

finer grain, and the presence ef hornb ende. ~ 

0 785 480 t:::j 

Hornblende- b i o- stevens Point R. s.w. 24 8.E. Me diu m-grained; Orthoclase and oligoclase, the latter in larger rn 
tite-gneiss. R. bridge. 32 d a r k gray to black. quantity; qumtz; biotite and hornblende abun- 1-3 

M Pink feldspar, trans· dant; augite in some quantity, many grains in ~ lucent q u a r t z, and . part altered to chlorite; chlorite, besides occurring t:r:l 
mica in lustrous flakes with a core of augite, exists in a few individuals· z I U2 

I are recognizable. where the change is complete; few small crystals 
1-d 

i of ctpatite; numerous rounded grains.of magnetite 0 

SE.I 
or titanic i1·on. 1-1 

7861 
z 

Coarse-grained; mass- Coarser grained and the feldspar more decom-
~ 

481 Hornblende- bio- R. R. bridge. s.w. 24 
tite-gneiss. 32 i v e; white-pink-and- posed than in 785 ; otherwise not different from it. 

black-mottled. Quartz, 
feldspar, mica and. 
hornblende, recogniza-
ble. ~ 

~ ....... 
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787 481 Biotite-gneiss. . R. R. bridge. S.vV. 24 8E. Coarse-grained; mot- Orthoclose and microcU:ne in nearly equal quan-
32 tled white, pink and tities; little oligoclase; biotite abundant in large 

b 1 a c k. · Recognizable flakes; magnetite; hematite. 
ingredients: feldspar~ 
quartz and black mica. 

788 481 Biotite-gneiss. Stevens Point. s.w. 24 8E. Orthoclase; microcline; little oligoclase; quartz; 
32 mm~h biotite;~ chlorite; large crystals of apatite 

both in the quartz and· feldspar; little magnetite. 

800 481 Biotite-gneiss. First cut w e s t of Medium:.grai ned, Fresh orthoclase and microcline; quartz; biotite 
Stevens Point. even and compact in in numerous large flakes; apatite. 

texture. Pink feld-
spar, t ran s l u c e n t 

,_ quartz, lustrous black .. 
biotite the recognizable 
ingredients. · 

806 "481 Biotite-gneiss. Plover river. S. E. 24 SE. Orthoclase, mic1·ocline and oligoclase, all somA-
1 what decomposed, microcline predominant; qua1·tz 

in large grains, containing many small crystals of 
apatite; biotite plenty; a few minute scales of 
muscovite; och1·e stains. 
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777 478 Granitell. Conant's Rapids. N.E. 23 8E. Very coarsely Rock composed almo!St wholly of quartz and 

17 grained; uniform i n feldspar in nearly equal proportions, the latter 
texture. White and mostly orthoclase; some oligoclasf'; quartz con-
pink feldspar, an d taining a little apatite; biotite, augite, chlorite and 
translucent dark quartz magnetite are eac.h found in small quantity. 
are recognizable. 

799! 480 Granitell. Conant's Rapids. N.W. 23 8E. Medium-grained; Orthoclase; oligoclase; microcline ,· quarta com-
8 very compact; white posing the chief part of the rock; a few small 

to pink. Feldspar scattering grains of the following ll!ine~ls: biotite, 
and quartz recogniza- chlol'ite, apatite, magnetite, limonite. 
ble. 

798 480 Gran-itell. Conant's Rapids. s.w. 23 8E. Differs from 799% Orthoclase; micmcline; the former predomi-
5 only in showing a lit- nant; quartz; very httle biotite, apatite, hematite 

tle biotite. and limonite. · 

794 480 Grariitell. Conant's Rapids. S. E. 23 8E. Very coarsely 01thoclase and oligoclase, the former predomi-
6 grained, some of the nant., both considerably decomposed; qumtz in 

crystals o f feldspar large grains, some of them being 2 mm. across; 
be i n g an i n c h in others of the large graim; of quartz as seen 
length; comp.tet. Pale macroscopically are composed of numerous minute, 

I I 
pinkish feldspar, and rouuded ones; very little apatite, biotite and nwg-
pellucid quartz the rec- netite. 
og~izable ingredients. 
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781 479 Augitic horn- Conant's Rapids. S.E. 8 23 8E. ]'ine-grained; very Ground mass composed of plagioclase and quartz, 

bien de-schist. compact; black; schist- in about equal proportions; hornblende the .most 
ose. Qua~tz, feldspar, important constituent of the rock, most grains 
and lustrous horn- lying with their great(lr length in the schistose di· 
blende the recogniza- recti on; few bunches of augite grains; apatite; 

- bl~ ingredients. 'little magnetite. .. . 

',, J 
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ROCKS OF YELLOW RIVER. ·645 

ROCKS OF YELLOW RIVER. 

SKETCH l\IAP HI. 

The upper part of Yellow river north of the line of the Green 
13~y & M~nnesota Railroad is bedded on crystalline rocks for many 
miles. These rocks have br.en but very imperfectly examined; enongh 
is known of them, however, to make it ·plain that gneiss and granite 
are the prevailing kinds, and that they are, in all probability, bnt the 
continuation westward of the gneisses of the region abont Grand 
Rapids. The trend, however, is changed now to a northwesterly one, 
a direction which holds as far west as the valley of Black river and 
·beyond.· The interstratified bands of hornblende-schist characteristic 
of the Grand Rapids gneisses are present here also, and. the same is 
true of the intersecting veins and masses of granitell. As points of 
difference between the Yellow river gneissic series and that of Grand 
Rapids, may be mentioned the presence in the former of intersecting 
masses of true q nartz~porphyry, the absence so far as known of dikes 
of olivine-diabase, and the very .large proportion upon Yellow river 
of gt·anite without parallel arrangement to the ingt·edients. 

So far as the thin Ee~tions examined are concerned, the Yellow river 
gneisses present no essential difl'ercnces ft·om those of Grand Rapids. 
Unaltered augite has not been observed in any of these sections, bnt 
in all probability it is represented by the chloritic ingredients. The 
interbedde9. hornblende-schists yield sections precisely like those of 
the Gt·and Rapids series. 

The granites of Yellow river are chiefly mica granites, often of a 
pinkish or red color, and not nnli.ke in general appearance the well 
known Scotch gt·anite. The quartz~porphyry noticed intersecting 
gneisses n p Yellow river presentsq the usual characters of such rocks. 
The structural features of the Yellow river rocks so far as made out, 
and the appearance of all exposures examined, have been previously 
described.1 

1 VoL II, pp. 490~92. 
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973 491 Biotite-gneiss. Yellow river. N.~ 23 3 E. ·Medium-grained; Orthoclase and oligocluse, the former predomi-
14 compact; evenly schis~ nant •. both much decomposed; quartz abundant; 

tose; pink-and-gray- biotite in flakes which ·have a decided greenish tint; 
mottled. Feldspar, chlorite; magnetic or titanic i;·on; hematite. 
quartz and greenish 
mica the recognizable 
ingredients. 

974 492 Epidotic chlorite- Mouth of Rocky 21 23 3.E. Medium-gr a.i ned; A highly-altered rock. Oligoclase, and ortho-
gneias. Run. green-and-pink-mot- clase, the former predominant; both much decom-

tled. Epidote and posed; epidote very abundant in large crystals 
feldspar are recogniza- and aggr~gations of- small rounded ones scattered 
ble. Running through all through the section: chlm·ite plenty; quartz,· 
the rock are ·large titanic h·on surrounded by its gray decomposition 
veins of pink colored product.-
substance, which dif-
fer from the mass of 
the rock in being 
chiefly composed of 
feldspar. 

; 

-

977 Chloritic biotite- Woodworth's, Yel- 21 23 3E. Fine-grained; strong· Orthoclase,· qum·tz in grains, varying in size 
gneiss. low river. ly s<,:histose. P ink fron,1 medium to ruiimte, composes the hirger par 

feldspar, quartz, green of the rock; chlorite quite plenty in large irregular 
chlorite, and lustrous fibrous patches; little biotite; few grains magne-
mica flakes are recog- We and hematite; limonite stains. 
nizable. 

t 



9G7 491 ~pidotic gneiss. 

969 491 Augitic horn-
blende-schist. 

971 491 Augitic hom-
blende-schist. 

Hemlock creek. 

Yellow river, three-
.fourths of a mile 
north of ·Houston's 
mill. 

Yellow river, three-
fourths of a mile 
north of Houston's 
mill. 

s. E. 
5 

22 4 E. 

22 3 E. 

22 3E. 

I· 

Ra.tlwr fine-grained; 
evenly textured; light. 
pink. Feldspar and 
quartz recognizable. 

Orthoclase; 1m·crocline; oligoclase; quartz, 
bearing apatite; epidote abundant; little chlorite; 
some musco~Jite; magnetite or titanic iron. This 
rock has the same constituents· as 974, but it is not 
so highly altered, and contains much more quartz 
and less epidote. 

Fine-grained; mass- . A groun<lmas~ of 01-thoclase, plagioclase and 
ive; uniformly dark- quartz; the grains of the latter are very smail; 
gra.y. Mingled with hornblende the largest constituent of the r~ck; 
the hornblende are a augite very plenty in aggregates of rounded 
few small flesh-col- grains; magnetite or titanic iron; little apatite. 
ored individuals. · 

Like 969. Hontblende the most abundant constituent of 

-. 

the roclq lab1·adorite the chief remaining one, 
much decomposed, but a f~w crystals fresh enough 
to give the banding in polarized light; augi!.e as 
in 969. This rock is very like the preceding. 
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TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF GRANITES 01!'· YELLOW RIVER. 

I 
I Name. Place. = ~ 

Macroscopic descriptions Constituents as determined by the microscope. 
I 0 = ~ ~ 1=1 

~ 0 c;J 
00. ~ ~ 

- -- -- -- --------
Chloritic granite. Yellow river. 3 23 3E. Very coarse-gni.ined; OrthiJclase and oligoclase, both much obscured 

feldspar from .white to by decomposition; large grains of quartz· chlo-
flesh-colored, the c1'ys- rite, ra.ther spars·e in green .fibrous patches; 'hema-
tals large, some show- tite; limonite j titan·ic i1·on and g~ay decomposition 
ing cleavage surfaces product. 
0 n e-h a lf i noc h i n 
length; quartz grains 
large; green chlorite; . 

Biotite-granite. Big Bull falls, 15 24 3E. Medium-grained; Orthoclase i microcline; oligoclase~· quartz • all 
Yellow river. massive; uni~orm;' the above in coarse grains; biotite in flakes at in-

pink; feldspar, pellu:- tervals so much decomposed as to be scarcely rec-
cid quartz, dark green ognizable; hematite; titanic or magnetic iron. 
gra.ins of mica, recog-
nizable. 

Mucovite·granite. Below Pitt's mill, 34 23 3E. Exceedingly coarse-
Yellow river. grained; orthoclase in 

pale pink masses, 
s o me of t h e m two 
inches through; quartz 
g r ai n s ofteu t h r e e-
fourths of an inch in 
diameter; large 
bunches of muscovite. 



RES.ULT3 OP A MICROSCOPIC EXAMINATION OF QUARTZ-PORPHYRY OF YELLOW RIVER. 

I ~ . -·cs 1-1 
Q) 

<5 p. 
·rn l> Name. Place. = Macroscopic description. Constituents as determined by the microscope. -ci a) 

0Cl,J a) 0 ci ~ 
oS bD ~ !::: s:: 

d to) 
0 d z Cl.J 

P-1 rn E-t p:: 
-- -- --- -- --
970 491 Quartz-porphyry. Yellow river, 22 3E. Light ~ray, apha- The porphyritic ingredients are orthoclase, olig-

three-fourths of a nitic, hard rock with oclase, and qua.t·tz; the feldspar crystals larg~. 
mile north of Hous- conchoidal fracture; · some being 2~ rum. acros!:i, well defined, but 
ton. carrying in the matrix with the corners frequently rounded; they arJ 

numerous grains of somewhat decomposed. the oligoclase, however, 
pellucid qnartz, and showing distinct banding. The quartzes show 
many crystals of flesh- the usual doubly terminated forms. The ground-
colored feldspar; scat- mass shows nicely with a low power a spherulilic 
tering grains of pyrite structure, being entirely made rip of numbers of 
are visible. these radiaJly fibrous masses about 35 mm. in 

diameter. When magnified 350 times. small 
areas act uniformly in the polarized light. These 
particles are, however, much decomposed, but are 
probably, for the most part~ feldspar. Quartz 
also is· present-. There is in the section one ag-
gfegate of pleochroic chlor-ite, containing titam·c 
iron and it.s gray decomposition product. Parti-
cles of hematite and augite are also recognizable. 



650 CRYSTALLINE ROCKj3 OF THE WISCONSIN VALLEY. 

ROCKS OF THE WISCONSIN RIVER VALLEY FROM 
JUNCTION CITY TO MOSINEE. 

SKETCH MA.P IV. 

The rocks exposed in the low cuttings on the Wisconsin Central 
and Wisconsin Valley railroads in the vicinity of Junction City, 
an.d tlu:mce northward to the bridge across the Wisconsin river at 
l{nowlton, are evidently but a continuation of the gneisses with in­
terstratified hornblende-schist and g1·anitell veins that are so largely 
exposed in the vicinity of Grand .Rapids and Stevens Point.1 Fro~ 
Knowlton north .to Little Bull Falls,2 although plainly the underly­
ing rocks are near the surface, but few exposures were noted at the 
tfme of my examination.8 

. The few small exposures which were noticed in this distance are, 
however, of especial interest. They present a quartz-schist at times 
highly magnetitic, which is often so closely allied to the quartz­
schists occurring in the· vicinity of Marshall hill, north of Wausau, 
that both must be taken as· belonging to the same formation. The 
general lithological characters of these schists are again so closely 
similar to those rocks of the Huronian of the whole Lake Superior 
region that little doubt can be entertained as to their Huronian age. 
The hornblende-granite of Little Bull Falls seems to limit these 
Huronian schists again on the north, so that we have here apparently 
the southwesteTn end of a narrow tongue of the great Huroniatl belt, 
which stretches from here northeasterly to and beyond the Menominee 
river. 

So far as the dips and strikes of the rock beds shown in Sketch Map 
IV are concerned, it is to. be said that the gneisses from Knowlton 
south trend northeasterly, with a dip which varies a few ,degrees upon 
either side of verticality; that the bedding of the quartz-schist 
between Knowlton and Mosinee was not satisfactorily made out on 
account ·of smallness of exposure; and that, while there are in the · 
Little Bull Falls rocks many joints in places trending west of 11orth 
and dipping upon either side of the vertical, so as to produce an 
apparent anticlinal structure, these joints- are upon the whole too un­
reliable and abnormal to be accepted· as indications of bedding. 

Since the gneisses in the vicinity of Junction City and thence 
northward are merely the continuation of tltose of Grand Rapids and 
Stevens Point, it is only necessary to note here the one point in 
whfch they differ from the rocks of those places. There are included 

1 Vol. II, pp; 481-483. 'Vol. II, pp. ~3, 484. 8 1874. 
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.ROCKS OF THE WISCONSIN RIVER VALLEY. 651 

here in them, certain bands which are peculiar for a porphyritic 
development, large feldspar and quartz particles being buried in a 
matrix-like mass, of which quartz and biotite are the principal con­
stituents. 

The siliceous schists lying between Knowlton and Mosinee being 
precisely like those of Marshall Hill need also no especial mention here. 

The rocks of Little Bull Falls, however, deserve some further atten­
tion. The. principal rock at this place 1 is hornblende-granite,2 with a 
grain varying from quite coarse to rather fine·, the coarser kinds pre­
senting a white and black or green and black mottling, the finer kinds 
tending to uniform ·black or greenish black colors. Under the mi­
croscope, the thin section of this rock shows the· feldspar commonly 
predominating, orthoclase and oligoclase presenting themselves in 
about equal proportions. Hornblende and quartz us1ially follow 
next; the hornblende is of the common green variety, the individuals 
generally presenting cores of augite. Accessory ingredients, ·several 
of which are present in the rock section; are biotite, apatite, magne­
tite, rutile- in needles in the quartz,- calcite ·and epidote; some 
sections show the last-named mineral in large proportion, the whole 
rock having undergone an epidotic decay. 

Imbedded in the hornblende-granite just described are here and 
there to be seen irregular and limited bands a·nd nests of a yery :fine­
gt·ained and compact black rock.3 This rock proves in the thin section 
to be made up almost wholly of hornblende and labradorite, with 
which is mingled a little magnetite or titanic iron. 

The black rock of a large dike, which may be seen cutting the horn­
blende-granite of Mosinee,4 shows in the thin section what appears to 
be a very much altered diabase. Much altered minute plagioclases 
make up most of the section. Orthoclase, q nartz, magnetic iron 
are also present in the groundmass, which is traversed by numerous 
reticulating bands of epidote and chlorite. The large porphyritic 
feldspars are orthoclase and oligoclase. 
Numb~rs of large veins of white quartz cut the Mosinee granite. 

The thin section of the rock from one of these shows only large grains 
of clear quartz interlocked with one another into a solid mass, with­
out tlie intervention of any other mineral. The only inclusion 
noticed in th~ quartz is oxide of iron in minute particles. 

1 Vol. II., p. 483. 
2 Rather than syenite, which is the name given to them by Mr. C. E. Wright, Vol. II., 

p. 638. 
3 Vol. II, p. 484. 
4 Vol. II, p. 484. 



TABULATION OF RESULTS OF MICHOSCOPIC STUDY 01!, THE· GNEISSES OF VICINITY OF JUNCTION CITY AND KNOWLTON. 

I t-i ·a 1-1 
Cl) 

~-~ 
en Name. Place. d Macroscopic descriptions Con~tituents as deter!U~ned by th.~ ·mic~oscope. -= a) 
0Cl) cU 0 d bll 

~s bll ~ ~ 1:1 0 ell Cl.l 0 ~ 
P-1 rn. ~ ~ 

-- -- -------- -- -- --

801 481 Muscovite- gneiss. Wis. Cent~ R. R. 1 24 6 E. Coarse-gr~ined; very Oligoclase; mthoclase; quartz,· these. minerals 
cut, one mile s_ E. compact ;white-yellow- occur in well-defined medium-sized crystals, and 
of Wil'l. Valley R. R. and-black mott.led. also in very numerous small ones thrown together 
Portage county. Feldspar, quartz and in confused patches; muscovite in numerous small 

; mica are recognizable. scales, stained with iron,-usually many collected 
together, all the scales having· their greatest 
length in the same direction; little augite i mag-
netic or titanic iron. 

604 481 Muscovite-gneiss. Same place as 801. 1 24 6E. Coarse - g r a i n e d ; Orthoclase much decomposed . and obscured by 
m ott I e d white and oxide of iron;· minute brilliantly polarizing flakes 
pink. l!'eldspar,quartz, of kaolin and l-imonite now occupy most of the 
and mica,recognizable. space originally taken by tbe feldspar; augite; 

muscovite as in 801; magnetic or titanic h·on. This 
rock is,.--altered more than 801, otherwise it is 
much like it. 

961 482 Augitic· b·i o tit e- 1140 rails south of 26 25 6E. Fme-grained; strong-
1 

The background of the rock il'l chiefly quartz.; 
640 schist. railroad bridge at ly schistose; b I a c k. 1 orthoclase is present; biotite composes the larger 

I 
Knowlton, Portage Shining flakes of mica, ., portion of the rock, most of the gra~ns lying with 
county. and large cribic crys- their cleavage lines and greatest lengths pa.ntllel; 

!<tis of pyrire '"" recog-~ augite quite plenty in aggregates of rounde~ 
mza1Jle. · grains; titanic or magnetic irm~ most often occur-

! ring in connection with or in the center of an 
l J augite aggregate; little chlorite and calcite. 



59 482 Porphyritic bi o- Two and one-half 26 25 6E. Fine-grained, w i t h Orthoclase in large, ill-defined crystals, much 
tite-gneiss. miles north of J unc- the exception of the decomposed, ·and part reph~ced by secondary 

tion City, on W. V. porphyritic crystals of quartz, which is arranged about and through the 
R. R., Portage feldspar; white-and- feldspar; guartz the predominant mineral in me-
oounty. black-mot.tled. Rec- dium-size grains and in innumerable minute 

ognizable ingredients: ones; Motile abundant, the flakes uniformly small; 
feldsp~H in large little muscovite; titanic or magnetic iron; one· 
rounded crystals, some large fissured crystal of titanite 1.4 mm. long; a 
of them half an inch crystalline aggregate which probably represents 
in length; qua.rt.z; mi- an andalusite individual; augite. 
ca; a few large, black 

9 

lustrous crystals, prob-
ably also mica. 

60 482 Porphyritic bio- Same place as 959. 26 25 6E. Like 959. Differs from 959 only in containing no musco-
tite-gneiss. vite and in can-ying epidote. Two large crystals 

of titanite, each somewhat larger than that of 959, · 
are seen. These two rocks, 959 and 960, havmg 
large crystals of feldspar and quartz in a matrix-
l1ke mass of quartz and biotite, present a decid-
edly porphyritic appearance. 

96 Augitic biotite- Cut. on W-. V. R. 12 25 6E. Orthoclase; rnicrocline; qumtz as in 959; biotite 
gneiss. R., Portage county. very plenty; a good deal of muscovite; augite in 

numerous clustered grains; chlorite,· magnet·ic or 

9 

titanic iron. 
I 

9 483 Muscovite-biotite- Cut on Wisconsin 29 26 7E. Medium- grained; Orthoclase and oligoclase, the latter not plenty; 
augite-gneiss: Valley Railroad at evenly textured; white quartz; muscovite in some quantity; less biotite; 

Knowlton. an d b l a c k mottled. a good deal of augite in aggregates of rounded 
Feldspar, quartz, and grains; · very little apatite; one large crystal of 
mica, recognizable. sphene. 

88 

; 



RESULTS OF A MICROSCOPIC STUDY OF THE HORNBLENDE-SCHISTS OF THE WISCONSIN VALLEY RAILROAD. 

. ~ ·a ~ 
(I) 

c5 A w. ;:> Name. Place. Q Macroscopic description .. Constituents. as determined by the microscope. -ci eli 
0(1) oS 0 ~ bD 

·~ oS bD 0 ~ § 
::1$ ClJ 0 z P-1 w. ~ ~ 

-- -- ---- --
963 482 Hornblende-schist. 1410 rails south of 35 25 6E. Fine-grained; strong- Odhoclase and quartz form the groundmass, 

640 railroad bridge at ly schistose; black with the lat!Rr in grains varying from those of minute. 
Knowlton. light mottlings. Small size to quite large ones; hornblende is the chief 

lustrous grains of horn- ingredient. ··· · 
blende, and dirty white 
feldspar, recognizable. 



TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF HORNBLENDE-GRANITE OF LITTLE HULL FALLS. 

. ~ I ·a -<1> 
s:lo 0 

..... ~ t.> Name. Place. = a) Macroscopic descriptions Constituents as determined by the microscope. 
Oa..> a) 0 ~ tlO :c oe tlO <.> ~ ,; 

d <1> 0 d 
~ 00 E-; ~ .. 

-- -- - ---- --
96 483 Hornblende- Little Hull Falls, 29 27 7_E. Coarse-grained; very 

granite. Wisconsin river. compact; mott 1 e d-
white.:and-black. Rec-

8 

ognizable ingredients: 
large brilliant-b 1 ack 
crhstals of hornblende, 
w ite feldspar, trans-
parent quartz. 

98 483 Hornblende- Little Bull Falls, 29 27 7E. Difters from 896 only I Oligoclase and o1·thoclase in about equal pro-
granite. Wisconsin river. in having quite nu mer-, portions; homblende abundant in large crystals, 

ous crystals of pyrite. some individuals containing cores- of augite; 

'" 
· · , , qum·tz not very plenty; little biotite; apatite; 

1 magnetic or titanic iron; in the quartz numerous 
black needles of ,-utile. 

8 

03 484- Epidotic horn - Little Bull Falls, 29 27 7E. Fine-grained; com- Orthoclase, oligoclase, and quwrtz are all found 
blende-granite. below the dam. pact; b l a c k h o r n - in some quantity; hornblende in irregular patches 

blende, veins of epi- of varying size compo~e tlte larger part of the 
dote, and a few patches rock; epidote is scattered through the ma.-;s of the 
of pyrite, are recogniz- rock, beside which there are veins composed en-
able. tirely of epidote; magnetite or titanic iron; few 

needles of t•ut'i1e in the quartz; little calcite. 

·9 

00 483 Hornblende- Little Bull Falls. 29 27 7E. A trifle finer grained 01·thoclase; oligoclase; qumtz abundant; hom· 
granite. than 896, otherwise blende; a few large SP-ales biotite; a few augite 

precisely the same. cores in the hornblende; apatite plenty; magnetic 

9 

or titanic h·on; ,·utile in quartz. 



TABULATION OE' RESULTS OF A MICROSCOPIC STUDY OF HORNBLENDE-GRANITE OF LITTLE BULL FALLS-Con. 

I io-ol ·a -<:,) 

~ 
Q., 

rn 
Name. Place. s:l Macroscopic descriptions Constituents as determined by the microscope.-~c: .v 

ocv a) 0 d eo 

~s eo :.::3 !':: = 0 c:j ~ 0 ttl 
~ [Q E-t ~ 

-- -- ---· --
902 484 Hornblende- Little Bull Falls. 29 27 7E. Like 898. Precisely like 898. 

granite. 

905 484 Epidotic granite. Little Bull Falls. 29 27 7E. Fine-grained; even- Orthoclase, oligoclase, quartz, in about equal 
ly textured; uniform proportions; chlorite; epidote in veins running in 

<0 light green. Feldspar, all directions through the section, and in numer-
quartz, epidote, are ous clustered grains, this mineral being present in 

I 
recognizable. larger quantity than any other; magt•etic or 

titanic i1·on; little apatite; innumerable minute 
needles of rutile included in the quartz. · 



TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF DIORITE OF LITILE BULL FALLS. 

I ,.....; ·a 1--4 Cl) 

~ ~ w. p. Name. Place. Macroscopic description. Constituents as determined by the microscope. -= ci c5 
0Cl) or 0 ci ~ 
c:;;S OD :.;:z t:: Q 

~ <:,) 
0 t'3 z ~ 

Cl) 
~ w. E-1 

-- ---- --
897 484 Diorite. Little Bull F a 11 s 29 27 7E. Fine-grained; very Labradorite and hornblende in nearly equal pro-

638 (in nests). compact; black. Horn- portions compose almost the entire mass of the 
blende, and feldspar, rock; the labra<lorite in general well preserved in 
recognizable. crystals of quite uniform size, the average length 

being about 25 mm.; the hornblende is in indefi-
nitely outlined patches from very small size to 
quite large; little titanic or magnetic iron. 



TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF ALTERED DIABASE (?) OF LITTLE BULL FALLS. 

I ~ ·a P-1 
C1J 

~ Q. 
00 Name. Place. s:i o) Macroscopic description. Constituents as determined by the microscope. -= ~ l=i 0C1J aS btl 

c>S be (..) a: = ~ C1J ·~ 
C':! 

~ ~ en ~ 
-- ----

.899 484 Altered por p h y- Little Bull Falls. 29 27 7E. }'inc-grained; dark Plagioclase in minute grains, much decom-
ritic diabase. . greenish black; brown posed, is the most important mineral; orthoclase 

weathering. and quartz are also found in some quantity; titanic 
or magnetic iron in numerous . minute specks. 
These ,uinerals are the ohly ones recognizable in 
the groundmass, running through which are 

I 
numerous reticulating bands composed of epidote 

.I 
and chlorite. Tbe many large porphyritic crystals 
are orthoclase and oligoclase. . 



TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF VElN QUARTZ OF LITTLE BULL F'ALLS. 

I 

"""" ·a 1-t 
Q) 
Q. 0 rn 
-i > Name. Place. ~ t Macroscopic description. Constituents as determined by the microscope. 
Oa.> ~ :g ~ 

~s ~ ~ ~ 
Q) 0. d 

A,. 00 ~ ~ 
-- ---- --· 
901 484 Vein-quartz. Little Bull Falls. 29 27 8E. Composed entirely of Large grains of clear quartz the only mineral 

white trans 1 u cent of account. These dovetatl into each other, mak-
quart.z. ing a solid mass without the aid of any other min-

eral. Hence there is no trace of a clastic origin, 
and in this respect the rock is precisely similar to 
the quartzites of Rib and Mosinee hills.· As inclu-
sions there are present numerous minute specks of 
oxide of iron . 

.... -...... , 



TABULATION OF RESULTS OF A MICROSCOPIC STUDY OF THE HURONIAN SCHISTS LYING BETWEEN KNOWLTON AND 
MOSINEE. 

·~ ...... ...... 
g. -rn .._o 

Name. Place. s:i Macroscopic descriptions Constituents as determined by the microscope. 'tjm j.o"" 
s:i Q) 

cD 
0 ~ 

~s b1l ~ ~ 1:1 
~ Q) 0 c:;'! 

P-l rn ~ ~ -- -- - --
892 483 Magnetic siliceous Two miles north 29 26 7E. Aphanitic; very hard; Excessively fine, apparently fragmental, largely 

schist. of Knowlton. conchoidal f r a c t u re; composed of kaolinized feldspar; chlorite, mag· 
uniform dark greenish- netite, and probably quartz; contained in this 
gray. matrix are a few larger grains ot quartz and feld· 

spat·, one of the latter being s~ver~l mm. long. 

968 483 Magnetic siliceous Roadside five 26 7 E. Precisely like 892. Like 892. 
640a schist. miles south of Mosi- These rocks resemble the Marshall hill schists, 

nee. but differ· from them in containing a larger pro· I portion of magnetite, in having a finer-grained 

I 
matrix, and in containing but few fragments 
coarser than the matrix. 
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ROCKS IN THE VICINITY OF WAUSAU. 661 

ROOKS OF THE WISCONSIN VALLEY IN THE VICINITY 
OF WAUSAU. 

SKETCH MAP V. 

The rocks of the district included within the area of this map are 
of a number of different kinds. They are described in the tables 
given below in the following order: 

GRANITES.' 

1. · llornblende-granite of the immediate vicinity of Wausau. 
2. Granites west and north from Wausau. 

PoRPHYRIES. 

3. Quartziferous Porphyries~ ~ast and north of Wausau. 

No&rrEs. 

~· B orites. of the Eau Claire river. 

ScniSTOSE RooKS. · 
5. Gneiss of Wan san. 
6. Quartz-schists of J\IIarshall hill. 
7. Augite-sc!Lists of .Trapp river. 

QuARTZITES. 

8., ·Quartzite of Mosinee hill. 
9. Quartzite of H.i b hill. 

10. Quartzite of Little Rib river. 
The structural relations of these ,rocks are for the most part quite 

obscure, while at the same time t.hey present a problem of considel'­
able interest. In some of the schistose rocks here included we have 
plainly the. southwest termination of the belt of lim·onian schists 
which is so stl'Ongly developed and well known in the iron distl'ict of 
the Menominee river; but how far the associated rocks are IIm·onian 
or not is a much more difficult question, and one which cannot ·as yet 
be decided. For the present, therefore, we must content ourselves 
with recording ·what is known as to each of the several rocks here 
developed. 

Granites. Full descriptions of the large exposures of coarse horn· 
blende-granite in the vicinity of Wausan have already been given in 
Vol. II of this sel'ies, pages 486 to 488. Of these descl'iptions I have 
no modifications to m.ake, unless the statements there given with re­
gard to bedding might be taken to indicate a belief in the metamor­
phic origin of this granite. The jointing occurs as there stated, bnt 
is not now believed to· indicate the original aq ueons deposition of this 
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rock, which is on the contrary regarded as of eruptive origin. The 
term syenite, used for the Wattsan rock in Vol. II, was designed to 
represent the same mineral combination for which the ter.m horn­
blende-g-ranite is here applied, in accordance "'ith the better and well 
established usage of the present day. 

This granite is medium-grained to very coarse-grained, and mass­
ive, being commonly without any perceptible linea·r arrangement to 
the mineral ingredients. In all phases the feldspars, which are from 
yel1owish gray to red in color, and at times as m ncb as half an inch 
in length, are always the predominating ingt·edients. In subordinate 
quantity, but always recognizable, are crystals of black lustrous horn­
blende, some.times reaching a fourth of an inch in length. Under the 
microscope, the main constituents of this gmnite are seen to be ortho­
clase, oligoclase and microcline. Along with 'these, hornblende, dial­
lage, magnetic or tit.anic iron and quartz occur as pl'ipcipal constituents; 
atid, as accessories, biotite, apatite, _garnet and hematite. The. two 
latter are comparatively rare, and occur always as inclusions of, or at 
least associated witb, the diallage or amphibole. The following sum­
mary description of the microscopic characters of this granite, pre­
pared after a study of a number of thin sections, is by Mr. ·vauhise: 

"These rocks are all very much alike in their chief characteristics. 
The feldspars, which are always a good deal decomposed, are in ~all 
cases the dominating constituents. The three species- orthoclase, 
oligoclase and microcline- are always present, the latter being usu­
ally the most abundant one. The colored cross-banding of the 
microcline, as !:ieen in polarized light, presents various degrees of dis­
tinctness; the distinctness lessening with the incl'ease in amount of 
decomposition, until finally only irregular bands of color, running in 
a single direction, are apparent. In this condition, in the ordinary 
light, the kaolinization is seen to have taken place chiefly in streaks~ 
which are coincident in direetion with the colored bands seen in the 
polarized light. Apatite is present in all the sections, though vary­
ing greatly both as to the size and number of crystals. It is a con­
stant inclusion in the feldspars, and is also often to be seen in the 
qnartz, diallage ~nd hornblende. The quartz, except in two or three 
slices, is a subordinate ingredient. Both primary and secondary 
quartz appear to occur. Apparently primary are the large integral 
grains filling interstices between the other ingredients; bnt in some 
sections a portion of the quartz is arranged within the feldspar in 
such a way as to suggest its secondary nature, or at least its deposi­
tion after a certain amount of decompo_sition had affected the 
feldspars. 
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"The angitic ingredient in most cases is plainly diallage; all that 
does not show the characteristic cleavage of diallage is much decom­
posed. The diallage occurs both independently, and even q nite with­
out ~my associate.d hornblende in the slice (944.), and also in the shape 
of cores to uralite or hornblende individuals. It appears probable 
that all the amphibole is an alteration product of· the diallage. In 
support of this position are the. following facts: The hornblende 
occm·s both as greenish fibrous m·alite (926), enveloping centers of 
diallage, and also in the shape of ordinary basaltic hornble.ude with­
O~Jt included diallage, and with the characteristic color, cleavage, and 
dichroism. Again, the latter kind of hornblende occurs as a mere 
border about a diallage center, and from this condition in every stage 
of replacement up to the complete disappearance of the diallage.1 

Finally, both m·alite and basaltic hornblende are found~ not only with 
a single core .of diallage to each crystal, but with several or many 
spots of the original mineral. 

"Titanic or magnetic iron, biotite, garnet and hematite occur with­
out any unusual chat·acters. The order of crystallization of the sev­
eral minerals appeat·s to be ·as follows: apatite, feldspar, titanic or 
magnetic iron, biotite, diallage, hornblende (alteration of the diallage) 
and quartz. The only one of these minerals whose position is doubt­
ful is the quartz, which· may have preceded the diallage, in part at 
least. It is within the possibilities that the quat·tz is all of a sec­
ondary nature, in which case the original rock must have been an 
'augite "syenite.'". 

This coarse granite, which is very strongly contrasted with any of 
the other granitoid rocks of this region, is found along the course of 
the Wisconsin river for a distance of upwards of five miles in a 
north and sonth line, and with a width from east to west of some­
thing over a mile. There can be little dou.bt that the several expo­
snres within this area form part of one intrusive mass. 

North· and west from Wausau, within the area of Sketch Map IV, 
are a number of exposures of gt·anite, for the most part quite unlike 
that just described. A peculiar, thin bedded, fine grained, feldspathic 
gran'ite is described in Vol. II (p. 489) as forming the side of the 
ridge in the S. E. i Sec. 21, T. 29, R. 7 E., and as occurring again 
near Single's mill, S. E. i Sec. 30 of the same township. The thin 
section of this rock shows that in some respects it is nearly allied to 
'Vausan granite, from which it differs, however, in lacking the horn-

. l,Jendic alteration of the augitic constituent. Orthoclase, oligoclase 

1 See also G. W. Hawes' Lithology of New Hampshire. 
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and microcline .are the principal constituents, the latter predominat­
ing. Other constituents are quartz; aitgite in ~ome quantity; chlorite 
as decomposition product of the augite; abundant magnetite and 
ferrite. 

A sixteen-inch vein of fine-grained granite is described in Vol. II 
(p. 488) as intersecting a dark gray schistose rock on the west bank 
of the Wisconsin 'river near the N. line of Sec. 26, T. 29, R. 7 E. 
The rock ·of this vein proves to be a biotite-granite, or granitell, the 
biotite being in very subordinate quantity.. The constituents are 
oligoclase and orthoclase, the latter the predominant feldspar; quartz 
in large grains; and, as accessories, biotite, hematite, magnetite and 
epidote. 

·According to Mr. Clark, a fine·gl'ained pinkish granite appears to 
prevail throughout Sec. 28, T. 30, R. 7 E., and, to judge from loose 
fragments, to extend northward from there well into Sec. 21. This 
rock is .again a biotite-granite, with t?e biotite in very subordinate 
quantity. ·.Oligoclase and orthoclase are the chief constitu.ents; both 
are much decomposed, .stained with oxide of iron, and often replaced 
by a secondary quartz, which is found in groups of radiating lines 
within the feldspars. Quartz also occurs in distinct roundish grains 
between the feldspars; biotite, chlorite and ferrite are accessories. · 

Large outcrops of a coarse-grained granite show on the east side 
of the "'\Visconsin river, over a considerable area in the N. E. i Sec. 
26, T. 30, R. 7 E. This is a rock in which pink feldspars and quartz, 
the latter in large proportion, are the. only macroscopically recogniz­
able ingredients. In the thin section, the feldspar is seen to include 
microcline and o1·thoclase; quartz occurs in very abundant large clear 
gra:ins, while biotit.e and hornblende occur together in a very few 
large sized patches. 

Along Trapp river, in the central part of T. 30, R. 8 E., Mr. ClarJ\: 
reports a number of granite exposures. The light-gray granite 
sh0wing on the bank of the river in S. E. i Sec. 18, T. 30, R. 8 E., is 
an augitic biotite-granite, in which are recognizable, Juacroscopically, 
a pinkish feldspar, a little quartz, and numerous small black mica. 
flakes. Much decomposed orthoclase and oligioclase are seen in the 
thin section. to be the principal constituents. The quartz is crowded 
into the spaces between the feldspars, and contains a little apatite. 
The mica is biotite. Chlorite and nral~te are quite plenty among the 
minor ingredients, and now and then contain cores of augite, from 
the alteration of which minera,l they have evidently been derived. 
Magnetite is also present. Scattered promiscuously through the body 
of this rock are angular fragments, sometimes a. foot across, of a 
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olack hornblende-biotite-schist, which remain as proofs of the erup­
tive origin of the granite. Arock closely similar to the last described, 
but containing much more ur1altered augite, is exposed upon the river 
bank about a mile further down the stream. The granite on Trapp 
river, near the.corner 13-14, T. 30, R. 8 E., has not been examined 
under the microscope; but appears to resemble closely the other· 
granites of the same stream. Mr. Clark reports that this granite 
occupies a large portion of T. 30, R. 8 E. 

Porpl~yrius. Felsitic porphy1·ies form nnmerons exposures on the 
east side of the Wisconsin river in Sees. 24 and 25 ofT. 29, R. 7 E., 
and in. the adjoining Sees. 19 and 20 of T. 29, R. 8 E. Exposures 
of similar rocks occurs as far north as Sec. 8, T. 29, R. 7 E., and as 
far south as the vicinity of Kelley's lower mill on the Eau Claire 
river in Sec. 16, T. 28, R. 8 E. To judge from the numerous loose 
angular fragments scattered over the ground, this rock, which is 
readily decomposable and therefore not likely to make exposnres, ex~ 
cept upon an abrupt hill-side, underlies a large area in the wester'n 
parts of T. 29, R. 8 E., and T. 28, R. 8 E., besides extending well to 
the southward of the Eau Claire river. No distinctly outlined belt 
.of the porphyry, parallel to the common N. E. cleavage di~·ections of 
the surrounding schists, is to be made out. The ledges all present a 
deep white or pinkish vrhite weathering, which is al~o often .caiTied 
well into the rocks along the lines of the numei·ons j~iuts. In many 
cases there is also a brown iron stain, dne to the oxidation of pyrite.' 

These porphyries present two types; the predominant one being a 
true quartziferons porphyry, with the usual blackish qnartzes, ~nd 
very abundant pink feldspars, imbedded in an aphanitic brO\\~nish 
gray or drab matrix. The other type is non-q uartziferons, caiTies bn t 
.fe.w porphyritic feldspars, and has an excessively dense black mat1·ix, 
with semi-conchoidal frnctnre. Both kinds decompose very readily, 
the decomposition being plainly assisted in much of the rock by the 
presence of pyrite. Throughout most of the area under which 
this rock evidently lies, although there is but little superficial drift 
material, it makes no outcrops, but has crumbled down iuto a clay 
soil with very abundant imbedded angular fragments of the porphyry. 
These· angular fragments also clothe much of the ledges that a1·e to be 
seen. This mode of weathering is one which is very characteristic of 
such felsitic rocks, and which is due to the setting up of decomposi­
tion along the planes of the numerous close joints \Vhich intersect the 
ro~k. These rocks present no appearance of bedding. Occasioually 
an irregular, wavering linear arrangement of the porphyritic feld::;pars, 
and of lighter ~olo.red spots in the matrix, is to be noted. Often; 
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along with the general softening due to decomposition, there is pres­
ent another decomposition~product in the sha.pe of :rqinute interlacing 
veins of greenish. or brownish material, which in many cases is plainly 
epidotic. 

These porphyries are microscopically similar to s~:nne of those of 
the Fox river region, of :Marquette and Columbia counties, the first 
of the two types resembling closely the brownish-gray q nartziferons 
porphyry of the town of Marcellon, Columbi~ county (Vol. II, 
p. 51R); while the second type is close to the black porphyry of Ob­
servatoi·y !Jill in the southern part of Marq nette county. The Wau. 
san porphyries differ, however, from their more southern .allies, in 
having for the most part a far less distinctly crystalline matrix. Com­
pared with the porphyries which form so marked a feature of the 
Copper-Bearing Series of Lake. Superior, these of Wausau differ 
macroscopically in lacking the red color which is so characteristic of 
those of the Lake Superior region; and microscopically in having a 
more distinctly crystalline matrix. 

Under the microscope, the W au san porphyries present a matri~ 
from which isotrope material is for the most part completely absent; 
it bejng impossible, in fact, to assert its presence positively in any case. 
But while for the most part of a distinctly crystalline nature, a large 
proportion of the matrix in many slices is not resolvable into miner­
alogically recognizable particles; that is, is what Rosen busch calls 
crypto-CI·ystalline. vVith this, in greater or less proportion, is a] ways 
some matter which is plainly composed of minute quartz and feld­
spar particles, to which are sometimes added particles of biotite. In 
nearly all sections this matrix has undergone a decomposition in the 
nature of kaolinization. In many, this decomposition has taken place 
in such a way as to emphasize a flowage texture in the original rock. 
In addition to containing more distinctly crystalline matter- as al­
ready indicated- than does the matrix of the Lake Superior porphy-

. ries, this matrix differs also in completely lacking the general red 
stain, due to diffused particles of iron oxide, and the coarser brown 
ferrites which are so completely characteristic of the Lake Superior 
rocks. 

The porphyritic quartzes present all the usual characters of the 
quartze8 of similar rocks from other regions, viz.: the doubly termi­
nated (dihexahedral) crystalline otttline; the club-shaped embayment~ 

. an(f inclusions due· to COl'l'OSiOn by the matrix; and dihexahedral in­
clusions of devitrified glass, in which respect these quartzes are iden­
tical with those of the Lake Superior region. The feldopars inclnde 
both orthoclase and oligoclase. They are commonly rather irregular 
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in outline, having apparently been eaten into by the matrix. In most 
sections, also, they are much clouded by decomposition. They are 
nearly always larger and more abundant than the quartzes. Most sec­
tions show a number of small; perfectly outlined sections of octahedral 
crystals of magnetite. 

The minute veins, which, as above indicated, are often seen macro 
scopically, are also seen in many sections. They_are at times made up 
largely of epidote, and again of a nearly opaque gray substance which 
behaves.isotropically between the crossed nicols. Most of the veins 
have a central line composed of numerous brilliantly polarizing grains 
of water-deposited quartz. · . 

In all respects these porphyries present the characters of eruptive 
rocks of the acid class. The nature of the matrix; the doubly termi­
nated qnartzes; the corrosion of the porphyritic qnartzes and feldspar 
Ly the matrix; the existence of a fl. nidal structure, both macroscop­
ically and microscopically visible; the presence of glass inclusions ip 
the quartzes; the complete absence of anything like stratification-­
all point to the eruptive origin of these rocks. They are in fact the 
ancient equivalents of the modern rhyolites. 

Norite. Unless the small black veins to be seen cutting the 
hornblende-granite of the vicinity of Wansan are of that nature,­
b~sic eruptive rocks have been observed at one place only within the 
area of Sketch ~lap V. Their existence further s,outh, in the vicinity 
of Grand Hapids and Stevens Point, has already been noted, and other 
occurrences to the north of the area of this map still remain to ·be 
described. 

The place referred to is at Kelly's upper mill on the Eau Claire 
. river, S. vV. i Sec. 13, T. 28, R. 8 E. 

Here are a number of low outcrops on the banks of the river, and 
again in the river-bed, forming the barrier rock of the dam. Irregular 
joints traverse the exposures, trending N. 30° E. and N. 40° W., and 
standing nearly perpendicularly. Macroscopically this rock presents 
a grain rather below the medium degree of eoarseness, has a dark 
gray color, and appears to be made up of lustrous gray crystals of a 
diallage-like mineral. In the thin section, the principal constituent. 
is found to present_the app~ar9,nce of. diallage, but to be orthorhom­
bic in crystalliza:tion; it is therefore hypersthene or enstatite, and is 
prob~bly tl~e former. The other constituent~ are labradorite, which 
is for the most part much altered, and titanic iron. Apatite, chlorite, 
and orthoclase are present in less quantity. According to Rosen­
busch's nomencla~nre, this rock is a " noritB," or gabbro with a 
" rhombic pyroxene." · 
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Gneis8. Gneiss is reported by M1·. Clark as in place under the 
r·iver alluvium at the city of vVausan, though nowhere observed at the 
surfaca, aud not known elsewhere within the ~u·ea of Map V. The sev­
et·al specime1is foi·warded by Mr. Clark present a rather fi·ne-grained, 
light-gmy, highly schistose, micaceous gneiss; in which quartz, feld­
spar, and black lustrous mica flakes are macroscopically visible. In 
the thin section, the feldspars- orthoclase and oligoclase -and biotite 
are seen to be the chief ingredients. Quartz is also abundant, how­
ever, occurring in the areas which are characteristic of gneisses, and 
charged \vith abundant needles and cm·ving, hair-like lines of rutile, 
and also carrying a little apatite. H.ather plenty, particles of mag­
netite and a few round grains of augite are present as accessories. lf 
this rock is actually in place as stated by Mt. Clark, it is worthy of 
note as limiting the distdbution eastward of the coarse hornblende­
granite which forms the bedrock of the Wisconsin river at Wausau . 
. Argillaceo'Us quartz-schist8. On. the east side of the ·Wisconsin 
ri\Ter, about four miles north of the city of Wansan, is an area of 
about three square miles, underneath which the ro.ck is an argilla­
ceous quartz-schist of a somewhat peculiar character. The area occu­
pied ·by this rock appears to be a restricted one, being bounded upon 
the northwest by granite, while to the east and southeast the country 
rock is the quartzife1·ons porphyry above described. :Macroscopically, 
this·rock presents a fine grain and dark gmy color, having at times 
the appearance of a slaty quartzite with the characteristic sharp-edged 
fracture; while in other places there is a dense aphanitic texture, the 
rock presenting then much the appearance of the matrix of some of. 
the porphyries above de$cribed. It is often very strongly· banded 
with lighter and darker shades, which are plainly to be connected 
with the original deposition of the sediment of which the rock is 

composed. In some places a strongly conglomeritic appearance is 
presented, lighter gmy fragments being buried in a darker gray 
ground mass. The natural exposures of this rock are very poor, though 
the district underlaid by it is very thickly strewn with angular frag­
ments from its disintegration. On the line of the Wisconsin Val.ley 
Railroad, however, several deep cutting have exposed the rock on a 
large scale. In the cuttings the strike is from N. 35° to 85° E., and 
dip from 10° to 20° to the N. W. 

Under the microscope, the Marshall }!ill schists, although they have 
plainly passed through more or less alteration, are still recognizably 
of a fragmental origin. More or leas rounded grains of quartz, with 
less abundant ones of orthoclase or oHgoclase, are buried in an argilla­
ceous matrix. The latter appears to be also of a fragmental nature, 
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and to consist l:;trgely of kaolinized feldspathic material. Chlorite and 
epidote are often present as alteration products, while magnetite and 
ferrite are to be seen in many sections. 

The Marshall Hill schists are strongly suggestive of some of the 
quartz-schists of the Marquette region, but are especially close to 
the argillaceous quartz-schists which form a large proportion of 
the so-called "Animikie" group of the north shore of Lake Superior. 

Augite-schist. In the bank of Trapp river, in the N. E.! of Sec. 
21, T. 30,. R, 8 E., near the ·section corner, is an outcrop five rods in 
length and th1~ee to six feet in height, of. a dark gray .schistose rock. 
In the thin section, this rock proves to be of a very peculiar character, 
inasmuch as while the prilicipal constituent is augite in a fresh state~ 
there is a large proportion of original quartz in the groundmass. 
The angite occurs ·both in irrcgnlarly outlined separate particles im-

. bedded in the gronndmass, and in larger crystals often including 
areas of the groundmass, which contains, besides quartz, numerous 
particles of orthoclase and triclinic feldspar. 

Q1tartzites. The appearance in the field of the vitreous quartzites 
of the :Mosinee and Rib Hill, and in. the vicinity of Single's mill on 

· the Little Rib river, south and west from W ansau, have already been 
described.1 These quartzites are essentially pnre vitreous transparent 
quartz, being composed of close1y interlocked grains. They are quite 
without any trace of fragmental origin.· The quartz grains, in all 
respects like the qnartz of granite and gneiss, interlock with one 
another in such a manner as ~<? !'~nder certain their original deposi­
tion where now found. The relations of these quartzites to the snr­
r<?nnding rocks. were not s~tisfa~torily determined. In one place 
only, near Single's mill, was any evidence of bedding perceptible. So 
far as the structnre of the other masses is· concemed, they might be 
merely great veins of quartz left standing by the decomposition and 
erosion of the surrounding rocks. 

1 Vol. II, pp. 484-489. 
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907 Hornblende- Section at Big S. E. 29 7E. Medium-grained ; Apatite abundant; orthoclase; microcline and 
P> 

487 t""' 
6'"') granite. Bull Falls. 26 of a uniform texture. uligoclase, the microcline predominant., and much t-+ 

,j.) 1---j 

RecoftniZ..'lble ingredi- of it so decomposed as only to show irregular al- z 
ents :..., pinkish feldspar, ternate strips of bright and dull colors in a single t;rj 

and black hornblende; direction; magnetic or titanic iron; very little bi- ~ 
these minerals give the otite; hornblende abundant; quartz in. few large, 0 

0 
rock a mottled appear- clear grains, and in numerous small o~es, some of ~ 
ance. the latte1· certainly being secondary. rn 

008 487 Hornblende- Section at Big S. E. 29 7E. Medium-grained ; Apatite in numerous large ·crystals, many of 0 
l:r:j 

638 biotite-granite. Bull Falls. 26 massive; uniformly which are 0.12 mm. in length; 01thoclase, micro- ,_.;j 
dark gray. Recogniz- cline and oligoclase, all fresh; magnetic or titanic 1:0 
able ingredients: feld- i1·on; biotite plenty; little diallage as cores of t;rj 

spar, and. hornblende. hon1blende; much hm·nblende; quartz in numer- ~ ous small rounded grains. ~ rn 
909 488 Hornblende- Big Bull Falls. N.E. 29 7E. Coarse grained; of an Differs in no important respect n·om 910 and 0 

0 
granite. 35 even texture; chiefly 941. . .. z 

composed of dirty yel- rn 
~ lowish-gray feld·s par, z 

in which the large Ius- <t. trous crystals of horn- > blende stand out t-'1 
prominently. t-+ 

t<:i 

944 Hornblende- Wausau. S. E. 29 7E. Like 908 in appear- This rock differs only from the typical born bien de ~ 
granite. 26 ance and recog-nizable rocks of the series in being much finer grained. 

ingredients; differs Apatite, jeldspa1·, magnetic or titanic iron, dial-
from it only in having luge, hornblende mid quartz occur in the Ram~ 
a yellowish tint, and way as before, both as t-o position and proportion. 
in bei~g finer grained. Particularly like 908. 



910 487 Hornblende-gran- Big Bull Falls. N.E. 29 7 E. Very coarse-grained; Little apatite in the felch par; orthoclase,· micro-
ite. 35 massive. Dirty drab cline, and oligocla8e in nearly equal proportions, 

colored feldspar pre- all much decomposed and containing secondary 
dominant, some crys- quartz; t-itanic or magnetic iron in a few large 
tals being above half grains, one 4 mm. long; very little biotite; hom-
an inch long. There blemle abundant in large crystals. many crystals 
are also recognizable contaming- so much quartz as to appear m the 
lustrous black ·horn-. ordinary light to be composed of mn.ny small 
blendes, many one- ones, but cleavage and dichroism show tue con-
fourth inch in length. trary; patches of intermingled. quartz and horn- :;:d 

blende grains are also foumd, in which the latt.er 0 
0 

particles are independent crystals; quarlz, some- ~ 
times in large grains, but mostly in small ones, U1 

occuning in interstices .between the feldspar, U"nd -
in crevices in the hornblende. Two or three ~ 

greenish patches, which, though rounded. at the ~ 
I:I:I corners, show a rectangular form; they ar~ min- t?::1 

era) aggregates, each perhaps representing an <1 andalusit.e individual. -0 -911 487 Hornblend-e- Section at Big Bull S. E. 29 7E. The specimen varies Very little apatite; orthoclase, mic1·ocline, and z 
biotite-granite. Falls. 26 from v e r y c o a r s e - oli,qoclase, quite fresh in some places, in others ::; 

grained to medium- decomposed and including secondary quartz; ~ 
grained; m ass i v e . magnetic or titanic inm; little biotite; hornblende, 0 
Pale pink feldspar is very abundant, containing in some cases cores of I'!Zj 

predominant; from diallage; quartz, plenty, occurring in medium- ~ 
t hi~ background of sized grains, and in small ones included in the P> 
feldspar the black lus- hornblende. q 
trous crystals of horn- U1 

P> 
blende stand out prom- ~ inently. 

912 487 Hornblende- Big Bull Falls. S. E. 29 7 E. Hesembles in every Apatite in crystals varying from ab;Jve 0.25 
biotite-granite. 26 particular the fine r mm. in length and 0.04 mm. in breadth, to those 

portions of 911. · so small as only to be visible wit.h a high power; 
m·thoclase; mici'Ocline; ol·igoclase; titrmic iron; 
biotite, sparse; hornblende, in some crystals con-
taming cores of diallage; qum·tz, not plenty, in ~ 

part at least secondary. -l 
~ 
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941 487 Hornblende- b i o- Big Bull Falls. N.E. 29 7E. Like 910; it has not, The description of 910 will answer for this 
tite-granite. 35 however, any of the specimen, except that biotite is much more abun-

very large crystals of dant in 941, and the hornblende, besides having 
feldspar which are seen the inclusions of 910, has also large blood-red 
in 910. pieces of hematite and often cores of diallage. 

943 488 Hornblende-gran- Big Bull Falls. N.E. 29 7E. The feldspar is much ~his rock cont~ins the coarse grains of feldspar 
ite. 35 finer grained than in which charactenze the other rocks of the series, 

any of the preceding, but the greater part of it is composed of much . I' of a Jight brownish finer grains of intermingled quartz and feldspar. 
yellow tint. The qmtrtz Apatite; feldspars of the same species as here-
1s so plenty as to be tofore; magnetic or titanic i1'on; little biotite; horn-
visible with the mag- blende, in large crystals as in 910 and 941, a single 
nifier. The hornblende crystal often _including s~ much gu~rtz as to ap-
is arranged in 1rallel pear broken mto many pteees; bwhte; ~arnet and 
planes, giving t e rock magnetic iron included in the hornblen e; quartz, 
a strong schistose ap- much more abundant than in any of the preced-
pearance. ing rocks of the series. 

Hornblende- b i o- Wausau. N.E. 29 7E. Coarse grained uni- Apatite very plenty in the feldspar, not presP.nt 
tite-granite. 35 formly greenish grey. or sparse in the quartz; feldspars as heretofore; 

Differs from the other ' magnetic or titanic iron; biotite, diallage, and 
'N a us au rocks in the hontblende less abundan~ than in any of the pre-
prominent position as- ceding; quartz very plenty; in this respect like 
sumed by the quartz, 943; hematite; chlorite. 
and in the disappear-I ance of the large Ius-
trous crystals of horn-
blende. , 



926 486 Hornblende· gran· Haseltine's mill. 7 28 8E. Like the coarse part .Apatite crystals few and small; feldspars U.ll b"'-
ite. of 911. I fore, both as to species and inclusions; magnet-ic 

or titanic i1·on; little biotite; diallage as cores of 
uralite, and in unaltered grains; uralite, plenty and 

- each crystal containing a core of diallage; lwrn· 
blende; !luartz very sparse, that present being 
certainly m part secondary; gm-net, in a few crys· 

-- tals included in the diallage and uralite. 
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937 Augitic granite.- S. E. 29 7E. Rather fine-grained; Orthoclase, oligoclase and micror:line, the latter 
21 somewhat f r i a b 1 e ; predominant, all much decomposed; quartz; 

mottled brownish vel- augite, in some quantity, and as a decomposition 
low. Recognizable· in- product; chlorite; magnetite, abundant; ferrite. 
gredients: feldspar, This rock seems to be merely a peculiar phase of 
quartz, and minute the Wausau granite. 
greenish- black parti-
cles of chlorite. 

916 489 Biotite-granite or West bank of N.E. 29 7E. Fine-grained; com· Oligoclase and m·thoclase, the latter predomi-
granitell. Wisconsin river. 26 pact; 1 i g h t p i n k . nant; quartz, in large grains; small quantities of 

Shows feldspar and biotite, hematite, magnetic or titanic iron, and 

I 
quartz,· and scattered epidote. 
through these a few . dark flakes . 

3469 Hornblende- Hill near Wiscon- N.E. 30 7E. Coarse-grained ;·pink Microcline; orthoclase; q um·tz in large, clear 
biotite-granite. sin river. 26 feldspar is the chief grains, making up a large proportion of the rock; 

constituent; quartz in biotite and hornblende occurring in large patches 
large pellucid grains is together. · 
p r o m i n en t ; a few 
greenish black flakes 
ofmicaandhornblencle I 
are scattered through I - the rock. 



Biotite-granite. Wisconsin river. Near 30 7E. Diff{::rs from 3 4 6 9 111 ic1·ocline; orthoclase; oligoclase; qumtz, as in 
cent. ·only in having the feld- 3469, unmmally full of cavities, both vapor-filled 

26 spar of a little lighter and liquid-filled, many of the latter containing 
tint. bubbles; biotite; a little hematite and magnetite. 

This rock probably contains hornblende also, 
although the small section shows none. 

3465 A ugitic bi o t i t e • Trapp nver. N.W. 30 8E. Med-ium- grained; Orthoclase and oligoclase, in large clouded 
granite. 19 e a s i 1 y c r u m b 1 e d. gntins, containing bright shining grains of a de-

·white to pink feld- composition product (kaolin); qua·rtz; biotite 
spar, clear quartz, and plenty in large crystals; augite in large unaltered 
black grains of mica, crystals, and also in many small grains, sur-
are easily recognizable. rounded by chlorite as a decomposition product; 

uralite in small quantity; titanic or magnetic iron. 

3468 Augitic biotite- Trapp river. s. E. 30 8E. Medium-grained; Orthoclase and oligoclase- much decomposed, 
granite. 18 compact. Light pink the crystals often showing no bright colors under 

feldspar, a little quartz, the crossed nicols; quartz, not plenty, crowded 
an d black lusterless I into the spaces between the feldspar crystals, and 
mica flakes are visible. containing but little apatite; biotite, plenty. 
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3452 Felsitic porphyry. Near Wausau. N.E. 29 7 E. Consists of a light drab, The porphyritic ingredients include numerous 
24 aphanitic grou n dm ass, r~unded grains of orthoclase differing much .in 

which is mottled by numer- size, and considerably decomposed, although many 
ous indistinct and illy de- show in polarized light bright colors; also a few 
fined lighter feldspar crys- large crystals of oligoclase. The kaolinize<l con• 
tals of v a r yin g s i z e dition of the matrix much obscures its original 
Parallel dark lines runni~g nature. It is excessively fine, and consists of a 
through the specimen give light gray granular ma.<>s. With a high power 
it a schistose appearance. some minute areas act nearly uniformly with re-

spect to polarized light, indicating that the 
matrix in part at least is composed of minute 
crystalline individuals, the larger part, however, 
being cryptocrystalline. The dark lines visible 
macroscopically resolve themselves into veins con· 
taining quartz usually as a middle line·along with 
some epidote and a grayish, largely opaque, iso-

-- -trope subs'tance, the latter being the predominant 
one. 



3455 Quartz-porphyry. Near Wausau. s.w. 29 7E. ·Aphanitic; bard, show- The porphyritic quartz is in large clear grams, 
24 ing a rough fracture. Dark . some of them showing a rhomboidal form due to 

translucent grains of a vertical section, or nearly so, through a rhom-
.. quartz, and light ~nk feld- bohedron or hexagonal pyramid. A few apatite 

spar crystals are a undant- inclusions are seen in the quartz, as also many 
ly scattered through a dark cavities which frequently contain bubbles. Often 
pinkish-drab matrix. The the fine felsitic matrix cuts deep bays into the 
pink porphyritic feldspars quartz individuals, within which apparently iso-
are more abundant and lated areas of the matrix are also found, but these 
larger than the quartzes. areas were probably connected with the matrix by ~ 
In the arrangement of the necks perpendicular to the plane of the. section. 0 

0 
feldspars and the lighter If this were the case the above apnearance would P:t 
colored streaks in the ma- be given. Porphyritic oligoclase. and orthoclase C/1 

trix, there is often to be are plenty. Both are eaten by the matrix, consid- 1-+ 

seen a tendency to linear erably deeomposed, and include secondary quartz. z 
£'_;'. 8 directions. · The matrix of this rock is greatly decomposed I:I:l and its nature thereby is a good deal obscured. It t?'.l 

appears to consist, however, for the most p<trt of ~ cryptocrystalline matter, along with some micro- ~. 

felsitic and a good proportion of microcrystalline 0 ...... 
matter, the latter in the shape of particles of z 

.. H 
feldspar and quartz, the feldspars, indeed, ap- 8 
pearing to grade upwards in size to the large por- ~ 
phyritic ones: The whole matrix has undergone 0 
a decomposition akin to kaolinization, and in b:j 

some cases the decomposition has been carried on ~ 
in irregular linear directions, which possibly > 
results from a flowage texture in the unaltered q 
rock. C/1 

~ 
~ 

3456 Quartz-porphyry.· Near Wausau. s.w. 29 7E. Differs from 3453 only in Very much like 3455. The groundmass, how-
24 having lighter colored ever, composes a larger portion of the rock than in 

porphyritic feldspars. 34:55; also, besides the regular porphyritic quartzes, 
there are considerable areas which are aggre-
gaLes of many small quartz individuals, averag-
ing about 0.07 mm. in breadth. Otherwise 0':1 
this rock is the same as 3455. -'t 

-l 



/ 

TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF PORPHYRIES OF VICINITY OF WAUSAU -Con. 

I ·a 
Q) 

~ 
rn Name. Place. cl 135 Macroscopic descriptions. Microscopic descriptions .of the thin sections. -ci ci 0Q,) ~ bll 
oS C) :::: § z Q) 0 p:: U1 ~ 

-- --
3457 Quartz-porphyry. Near Wausau. s.w. 29 7 E. The matrix is of the Like 345~; the appearance presented by the 

20 same appearance as 3455 porphyritic ingredients is precisely the same. The I and 3456. But porphyritic ~mly difference in ~he matrix isthat it is present 
crystals of feldspar have m ~r~ater proportion and shows in many places 
the same dark drab color ·a d1stmct flowage texture. · 
as the matrix, and are diffi-
cult to distinguish from it. 

3570 Quartz-porphyry. Near 29 7E. Exactly like 3455. . The only thing which ct'1stmgmsnes this sec-
center, bon from that of 3455 is. the fact that some of 

24 the. quartz a_reas, instead of being composed of 
3: smgle gram, are made of several grains, fit-
tmg each other perfectly and entirely filling up 
the space. These areas look the same as the 
quartz areas of a granite. This rock is much 
less. decomposed than tho. preceding, and it is 
plamly to b~ seen that Its matrix includes a. 
l_arge proportton of micro-felsitic matter. The 
feldspars are also relatively fresh. The quartz 
aggregates of the foregoing description are not 
prominent characteristics and are in the nature of 
fillings of geodic cavities. 

3579 Quartz-porphyry. Near 29 7E. In no way different from In regar~ t<?.h~ving ar~as made up of particles 
center, 3570. o~ ~quartz, It IS mtermedmte between 3456 an 

24. 3:J_,o, the ~r~nules not being so ntlffi(•rous and 
mmutA as m u456, nor so few andlarO"e as in 3570· 
otherwise it is the same as 3570. o ' 

d 



3568 Dlack felsite. Wisconsin Valley N.W. 29 7E. Very hard, black, apha- The porphyritic crystals of feldspar are oligo-
Railroad, Station 65. 24 nitic matrix, with a smoot-h clase and orthoclase, very small and sparse, the 

semi-conchoidal fracture. former in greatt•r abundance. No quartz is seen. 
Specks of pyrite ·and small The matrix, which is excessively fine, is composed 
indefinitely outlined crys- of an intimate mixture of micro· crystalline and 
tals of feldspar are scat- crypto-crystalline matter, the former consisting 
tered thrcugh the matrix. of biotite, feldspar, and quartz. A portion of the 
The porphyritic ingr(~dients feldspar is triclinic. The biotite shows its charac-
are much smaller and rarer teristic optical properties plainly with high power. 
than m any of the pre- Some of the quar~z grains are considerably larger ·~ 

0 ceding. than the average particles of the matrix. Bril- 0 
liantly polarizing specks of kaolin as a decompo- h 
sition product of the feldspar are scattered thickly U1 

through the rock. Square magnetic crystals at H 

~ 

I 
intervals. 

1--3 

3462 Quartz-porphyry. Near Wausau. S. E. 29 8E. Numerous small crystals The porphyritic ingredients are quartz and or-. P4 
t::j 

8 of quartz and feldspar in a thoclase, the former more plent.y; the feldspars <j light to dark gray aphantic are a good deal decomposed. The quartz often H 

matrix; mah1x very hard, includes portions of the matrix. The fine veins 0 ,....... 

with a conchoidal fract- >een macroscop)cally cut directly through the sec- ~ 
ure, and cut by fine veins. tion and are seen to be composed of numerous ~ 

grains of epidote. The porphyritic crystals are t-1 
clearly defined. The matrix shows no distinctly c 
unindividualized material, although c1·ypto-crysta1- "':1 
line matter is present. It is composed largely of ~ minute particles of feldspar, which is considerably > 
kaolinized. Quartz is present, also brown parti- q 
des which are probably biotite and ferrite. w 

~ 
c 

3368 Quartz - porphyry Kelley's lower s.w. 28 8E. Medium to fine-grained; Large illy defined decomposed porphyritic crys-
or granitic porpb yry. mill. 10 even texture; mottled pale tals of feldspar are mixed in a confused matrix, 

pink and gray. coarser than usual. This matrix is compoged of 
feldspar, quartz, magnetite, and biotite, all con-
fusedly mingled together. Chlorite and a few 
large crystals of apatite are seen. 

Cr.> 
--1 
Q 
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3366 Norite. Kelly's upper mill. 28 SE. . Dark-gray; medium- Plagioclase, and hypersthene or enstat?'te are 
grained; made up chiefly the predominant minerals. Large, clear hexaO'·-
of lustrous hypersthene onal crystals of apatite, beside small needle-like 
crystals crystals, are present. The feldsparis labradorite 

and largely decomposed, but in some places show-
- ing the twin lamillation distinctly. There are a 

few small grains of orthoclase. Titanic iron is 
seen in numerous large patches. Hypersthene or 
enstatite (probably the former) is the chief constit-
uent of the rock; it.c; cleavage iri one direction is 
very distinct. Another faint cleavage nearly at 
right angles to this is shown by lines of brown 
inclusions. Chlorite is present as a decomposi-
tion Lroduct of the hypersthene and perhaps of 
the p agioclase als9. 
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930 Argillaceous Jenny road. N.line 29 7E. Aphanitic; of a subcon- Fragmental. Fine grains of quartz and 

quartz-schist. f 12 choidal fracture; closely feldspar, the former predominant, occur plenti-
banded light and dark gray; fully scattered through a dense matrix. The 
argillaceous odor w h e n feldspar is in part oligocHtse and part orthoclase. 
breathed upon; quartzite- The above constituents are all in disconnected, 
like. rounded to subangular grains, presenting no sh:S 

angles, and thus clearly showing the fragmenta 
origin of the rock. T~e matrix is excessively fine, 
seems to be of a fragmental character, and ap-
tears to be decomposed feldspathic material. 

broughout it are seen many brightly polarizing 
. flakes of kaolin, much chlorite and some mag-
netite and ferrite. 

932 Argillaceous Marshall hill. s.w. 29 7E. Like 930. One-half of the section precisely like 930, the 
quartz-schist. 1 other being somewhat finer grained and contain-

ing a large preponderance of matrix. This rock 
and 930 are evidently the same. 

-
3552 Argillaceous Wisconsin Valley S. E. 29 7E. A trifle coarser-grained Like 930. 

quartz-schist. railroad, station 24. 2 than 932, otherwise differ-
ent from it in no way. 

'8583 Argillaceous Wisconsin Valley 29 7E. Like 3552. I Like 930. 
quartz-schist. railroad, station 207. 
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3563 Argillaceous Wisconsin Valley N.W. 29 7 E. The finer part of the The thin section of this rock is seen to be chiefly 

quartz-schist. Railroad cut. 24 rock is precisely like 3552 mad~ up of the fine, decomposed, argillaceous 
and 3583. But, buried in matnx already noted as characterizing the fore-
this fine, gray, matrix-like going rocks. Distinctly recognizable fracrments 

- material are many sub-an- of quartz and feldspar occur in clusters through 
gular to angular, con glom- the section, but are not so uniformly distributed 
eritic fragments of sizes as in the case of 930, and are, for the most part, 
varying from those so small much more minute. The angular fragments 
as to be indistinguishable, which are so noticeable macroscopically are still 
to those which are an inch distinctly perceptible in the thin section, but ap-
or more across. The frag- pear to diti'er from the body of· the rock only m 
ments are lighter colored their lighter color. · 

.. than the matrix, otherwise 

I I I 
appear the same. 

This specimen shows to 
the n~kecl . eye the frag-
mental character of these 
rocks, which in the cases of 

' 930, 932, 355~ and 3583 : I ~ J can only be perceived by 
l 1 1 the aid of the microscope. 



35721 A r g i 11 a c e o u s 
quartz-schist. 

Fine-grained; of an even 
texture; gray; stained with 
greenish epidote; fracture 
sub-conchoidal. 

Very like the Marshall Hill rocks. Presents 
something of a porphyritic appearance, but the par­
ticles of quartz and feldspar, in part oligoclase,­
which, larger than in 930, are plentifully scattered 
through the matrix,- are uniformly rounded and 
worn, showing the clastic origin of the rock. The 
matrix is the same essentially as 930; perhaps 
carrying more magnetite and less chlorite. Differs 
from 930 in containing quite numerous good­
sized particles of epidote which is secondary to 
the matrix. 
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3467 Augite-schist. Very fine-grained; schis- Fully two-th4"ds of the rock are composed of 
tose; light to dark gray; unaltered augite, a greenish alteration being only 
in places dark gray ob- .rarely perceptible. The augite occurs in part in 
scurely banded with laye1·s irregularly outlined, small particles, but also in 
of a lighter gray. relatively large-sized areas. The wholly colorless 

groundmass is made up of very minute, wholly 
colorless, particles of quartz, along with which is 
a smaller proportion of feldspar, a portion of 
which is banded. The matrix is intermixed with 
the small augite particles, and also included in 
the larger augites which occasionally show the 
cleavage of diallage. Magnetite occurs some-
what abundantly in small, irregularly outlined 
particles. 
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927 485 Quartzite. Rib Hill. 9 28 7 E. Massive, translucent! Almost pure quartz. Usually the grains are of 

glassy · quartz is the very large size, some of them reaching 7~ mm. 
only mineral visible. in greatest breadth, and interlocking after the 

' manner of the quartz of gneiss and granite. The 
only other minerals present are a little oxide of 
iron, mostly magnetite, and a few minute flakes of 
muscovite. As to cavities this quartz is_ as com-
mon in granite, and from the position of the 
grains was evidently crystallized in place. 

935 489 Quartzite. Single's mill. S. E. 29 7E. Same as 927, except Differs from 927 only in having a little more 
29 in this a little oxide of muscovite and oxide of iron. • 

iron can be seen. 
923 484 Quartzite. Lower Mosinee 27 29 7E. Only different from the above in containing, in-Hill. eluded in the quartz, numerous black needles of 

rutile, and in containing more ferrite and a. little 
chlorite. · 

936 489 Quartzite. Single's mill. s.w. 29 7E. Liks 927. As in all the preceding quartzites the grains of 29 Crystalline rock. The quartz fit perfectly along their irregular Jines of 
only minerals distin- junction. They are of about the same size as in 
guishable are shining 927 and freer from other minerals and inclusions 
flakes of mica. and than either of the preceding. Iron oxide appears 
grains of quartz. to be the only impurity present. In none of these 

rocks is there any trace of a clastic origin. · 
Chl01·ite and umlite quite plenty; titanic or 

magnetic i1·on; apatite present also in the feldspars. 
Hornblende-biotite-schist. 



6861 CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 

ROOKS OF THE UPPER EAU CLAIRE RIVER. 

SKETCH MAP VI • . 
The field· observations along the Eau Claire river were made wholly 

by Mr. A. C. Clark, who found no exposure on or in the vicinity of 
the river above Sec. 27, T. 30, R. 10 E. 

Belcnv this point the exposures are nearly continuous for some ten 
miles along the downward course of the stream. Only two rock belts, 
however, are crossed in this distance. The easternmost of these is 
composed. of an exceedingly coarse-gnl.ined, pinkish granite, in which 
all of the ingredie.nts, including pinkish feldspars, quartz, biotite, and 
hornblende, are easily recogniz.able macroscopically. Compared with 
the Wausau granites,· this is for the most part of a. much coarser 
grain, much more highly quartzose, and carries· more mica and less 
hornblende. ~ This granite is quite structureless. 
· ·The westernmost of the two belts of the Eau Claire river is com­
posed of mica-schist, dipping constantly to the northwest, at" a very 
high angle (80° to 90°), and trendi'ng 35° E. of N. The total width of 
the belt at right angles to the strike is as much as.one and_one-half 
miles, and the total rock thickness can not be less than 7,000 feet. 

·Macroscopically, the rock of this belt is .usually vety fine-grained to 
aphanitic, and of a dark gi·ay color, the dark gray being often banded 
by a lighter. gray in a direction parallel to the schistose structure. 
Only rarely are any of the ingredients recognizable macroscopica:Ily. 
The thin sections show under the microscope a mica-schist in all re­
spects like that which prevails so largely in the Huronian of the Mar­
quette and Menomonie regions of Michigan, and the Penokee region 
of Wisconsin. There is the usual quartz-feldspar groundmass, which 
is only rarely so fine as to prevent the recognition of its. mineral 
character. The feldspar is chiefly orthoclase, although a little oligo­
clase is recognizable. The principal mica is biotite, but with it, in 
most sections, some muscovite is associated. More rarely particles of 
hornblende and augite are met with, while apatite, magnetic iron, and 

. ferrite, are frequent accessories. 
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3340 Hornblende-b i o - Little Rapids of N.E. 30 lOE. Feldspar crystals are very large. Oligoclase, 
~ 

Very coarse · g r a i n e d; w 
tite-granite. the Eau Claire river. 27 the recognizable ingredi- microcline, and orthoclase all are present, the !at- 0 

ents are: pink feldspar ter in the largest quantity; qum·tz in large clear l':l:j 

which shows cleavage pit:ces grains, bearing as inclusions very long slim needles ~ 

over three-fourths of a.n of 'rutile; hornblende and biotite both occur plen- 1:!:1 
.inch long; quartz in large tifully in large crystals; little titanic or magnetic 

t;j 

clear grams; and mica and iron; apatite. q 
l-c1 hornblende in crystals of l-c1 

corresponding size. t:zj 
~ 

3343 Biotite-granite. Three Rolls, Eau N.E. 30 10 E. Same as above, except Feldspm·s same as in 3340; qumtz also same1 t_:l:j 

Claire river. 33 that only here and there a only more abundant; little biotite and hornblende; P> 
winute grain of biotite or no apatite. 

q 

hornblende is visible. Q 
t"i 

8345 Biotite-granite. Lower Fall, Three 30 lOE. Fine - grained, Feldspars. of the usual three kinds, otthoclase 
> 

S. E. compact ...... 
~ Rolls, Eau Claire 33 granite. Pink feldspar, the chief one; fuartzvery plenty, having as inclu- t_:l:j 

river. pellucid quartz, and shin-· sions few smal apatite individuals, and pierced in 
~ ing black grains are visible. every direction by innumerable dark, long slender ,.... 

needles of rutile, the latter only visible with a <l 
~ high power; biotite very abundant; titanic or ~ magnetic iron. 

3346 I Granite. Lower Fall, Three s. E. 30 lOE .. Red, slightly friable rock. Microcline and orthoclase in nearly equal pro-
I Rolls, Eau Claire 33 Feldspar and quartz are portions, much stained with oxide of iron; quwrtz I river. l'ecognizable. in part secondary, having as inclusions few small I 

I crystals ()f (lpa.i'ite; tita11ic or magnetic it·on; ~ 
C/) 

hematite. -1 
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Hornblende-b i o - Eau Claire river. 33 30 10 E. Differs from 3340 only in Differs from 3340 only in the rutile needles 
tite-granite. being a trifle c o a r s e r - being much mor~ plenty. 

-grained-and having a more 
pinkish tint to the feldspar. 

~. oo· 
00-
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~ 933 Muscovite-biotite- Eau Claire river. 34 29 7 E. Uniform light gray, finely Quartz and probably feldspar, constituting the p::: 

schist. schistose rock, with a some- groundmass in excessively fine grains, averaging 
U1 

0 what lustrous appearance, not above .02 mm. in breadth; biotite, the sec- .""::: 
and greasy feel. ond minera.I in quantity, in flakes with their basal 1-3 planes mostly parallel to the schistose ones; a ~ 

little muscovite; magnetic or titanic i1·on; limonite. (lj 

Besides the finely crystalline mass of the rock q 
there are present quite a number of large, appar- 1-d 
ently porphyritic, crystals of quartz; orthoclase t-o 

t::j 
and oligoclase. ~ 

8337 Biotite-schist. Near Holbrook's, S. E. 29 9 E. Drab, compact, lustrous, Groundmass quartz and feldspar finer than in 
t1j 
:> 

in the river beds. . 22 aphanitic schist. 938; biotite in numberless exceedingly minute· q 
flakes; a little muscovite; ferrite. ci· 

~ 

3352 Biotite-schist. Dells on Eau s.w. 29 10 E. From gray to reddish in Qua·rtz an1l probably feldspar constitute the :> -Claire river. 7 color; as to grain and groundmass; biotite as in 993; considerable mag- ~ 

Rchistose characters same netic or titanic 1'ron; apatite; chlol'ite. Porphy- ~ 

a.c:; .Preceding ones of the ritic crystals of feldspar and quartz. This rock ~ -ser1es. as to fineness and general appearanC',e closely 1·esem- <t 
bles 933. tr:l 

~ 
3354 Hornblende - b i o- Dells on Eau s.w. 29 10 E. Fine-grained, tho ugh Much coarser grained than any of the preced-

tite schist. Claire r1 ver. 7 coarser grained than any of ing. The groundmass is quartz, o·rthoclase, an<;! a 
the preceding, the black mica little oligoclase, the grains varying from quite 
and white grains of quartz small to medium size, the mean being about 12 
and feldspar being distill- rom.; biotite very abundant as heretofore; consid-
guishable. era.ble hornblende; a few grains of augite and ~ 

muscovite; magnetic or titanic i1·on; apatite. 00 
~ 
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8356 Muscovite-biotite-~ Dells on Eau Claire s.w. 29 lOE. Mica and whitP- quartz Groundmass again quartz and orthoclase in 

schist.· river. · 7 and feldspar visible, the grains averaging about .07 rum. across; biotite as· 
. . . . rock being more or less usual; muscovite· most plenty of any so· far ob- · 

banded from alternate lay- ~erved in the series; augite; magnetic or titanic 
ers of mica and the other tron. 
minerals. 

I . . 
8358 Biotite-schist. Dells on Eau Claire N.W. 29 9K Same as 8356. Groundmass as heretofore. The CI'Y~tals are 

river. 13 · however not so well defined, but appear to aver-
age about the same size as 3356. Biotite is more· 
plenty than in any of the preceding, a vei·y large· 
proportion of the :rock is made of that. mineral; t 

magnetic or titanic iron. 

8390 Biotite-schist. Eau Claire river. s .. w. 29 9E. Fine-grained, black lay- Quartz, feldspar- a portion at least being 
23 ers alternating with white plagioclase- biotite and magnetic or titanic iron 

ones; layers about one- compose this rock. Difi'ers from the preceding-
fourth of an inch thick. only in ~aying a finer-grain and containing much_ 

-· -- .. - magnetic 1ron. · ·-



Biotite-schist. Eau Claire.river. 

336~ Chloritic biotite- Eau Claire river. 
·schist. 

S. E. 29 9 E. 
20 

Has a more chloritic look 
and is decomposed more 
than any of the preceding 
rocks of this series. 

Cen. 
33 

29 9 E. Lighter. colored, other-
wise of much the same ap­
pearance as 3354. 

Groundmass for most part very fine and ob­
scure, but in a few places the particles are large 
and clear; in these places the minerals are <jumtz 
and orthoclase, : the ·former being uredommant. 
The gray obscurity of the larger part of the .sec­
tion is due to the decomposition of orthoclase; 
this is shown by the fact that considerable area.<; 
of the substance, so far as it polarizes at all, give 
the same colors. · Biotite and ·magnetic or tita11ic 
iron as before. This rock is the coarsest grained 
one of the series, but it is so much decomposed as 
to show macroscopically now but few traces· of its 
original condition. 

Very fine ground mass, like 933. Biotite ·and 
magnetic or titanic iron; the biotite occurs in 
minute flake8 and .in those of considerable size. 
Included in the fine matrix are many large por­
phyi·itic crystals of mthoclase; chlorite in some 
quantity; ho1·nblende . . 
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G92 CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 

ROOKS OF RIB RIVER VALLEY ABOVE MARATI-ION 
CITY. 

SKETCH MAP VII. 

The locations of exposures within the area of this sketch map are 
for the most part from the notes of Mr. A. C. Clark; only one or two 
referen~es to this district having been made in Vol. II. 

Above Pine river falls .the rock seen in Rib .river as far as· T. 31, 
beyond which exposures were not discovered, are coarse-grained, light­
colored, hornblendic gneisses, alternating with ff~1e-grained, dark­
colored schistose beds, and here and there intersected by veins of 
granitell. The layers trend northeast and southwest with a high dip, 
which is, so far as observed, constantly to the north. The gneisses 
arc for the most part hornblenqic, but black mica is often present, 
while many of them . are augitic, the hornblende either being 
quite absent or present in subordinate qnantity only. So intimate is 
the association here of augite and hornblende, that little room for 
doubt can remain as to the nralitic origin of· the latter mineral in all 
of these gneisses, including even those in which no augite remnants 
are visible. 

The schists interbedded with these gneisses are for the most part 
hornblendic, being simply finer-grained phases of the prevailing horn­
blendic gneisses.. Mica is a constituent in all cases. Less common 
schistose bands ar3 without hornblende, being true mica schists, with 
the mica either biotite or mns3ovite. Augite i~ subordinate quanti-ty 
is present in the~e mica schists. 

In theN. W. i of Sec. 16, T. -, R. 5 W., are several stn1etureless out­
crops of a qparse-grained greeenish rock which would fot·merly have 
been called a typical hornblende rock. In the thin section this rock 

is found to be mtrch altered, all the recognizable feldspars being tri­
clinic; while hornblende is the chief constituent, and the quartz very 
subordinate a.nd apparantly secondary, the proper name under the 
accepted nomenclature appears to be dio~ite. The occurrence of cored 
of angite, and even of strongly marked ·diallage within many of the 
hornblende individuals, suggests that here again, as in so many of the 
previously describEJd rocks, the hornblende is merely a paramorphic 
product of the augite. If this is a correct conclusion, the rock is to he . 
classed with the JUalitic gabbros. 

From Rib.river falls down stream to the east line of the map, the 
exposures seen on Rib river are unlike those met with further up the 
stream. The exposures at J;lib river tails have already been roughly 
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ROCKS OF RIB RIVER VALLEY ABOVE MARATHON CITY. 693 

described in Vol. II (p. 489). The place is a puzzling one, and as to 
the stmctnral relations of the rocks here exposed I have nothing now 

· to add. Further experience with the rocks of this region teaches me, 
however, to doubt the connection with true bedding of the parallel 
planes whose directions are recorded in Vol. II. !'Iicroscopical1y, 
also, the Rib river falls rock~ are puzzling. A better ·un'derstandi'ng 
of them can only be reached by tmcing them into less altet·ed forms. 
As full descl'iptions of the sections of these rocks as it is possible to 
make at·e given in the following tables. Nothing can be gained by a 
recapitulation of their characters in this place. 

Still further down stream the rocks seem to be a westward continu. 
ation of the lluronian schists of the vicinity of Wausau, along with 
intersecting masses of gabbro. 
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3371 Hornblende- b i o- Rib river rapids. -s. E. 31 3E. Fine- grained, schistose Quartz, 01thoclase and oligoclase, constituting 
tite-schist. 25 black rock, the color being the gropndmass, all occurring in uniform, well 

due to hornblende; quartz hreserved grains, averagi~g about .4 mill. ~n 
is visible in grains of me- readth; green or yellow hornblende, the most 
dium size. abundant mineral in the l'Ock, grains very large, 

many of then1 above 1.5 mm. in greatest. length{ 
biotite, in some quantity; apatite, in the usua 
crystals penetrating the quartz, feldspar and 

: honiblende; brown stains of limonite. 

S374t Hornblende-gneiss. Rib river. Cen. 31 4E. Mottled black and white OJthoclase and labrad01·ite, the latter very plenty 
31 rock ; medium-grained; (in this respect· this rock is peculiar, being the 

schistose; white quartz and first gneiss in which I have observed labradorite); 
feldspar, and black lustrous · fium·tz as usual; ho1·nblende, very abundant in 
hornblende are distinguish- arge grains; a little biotite; apatite; magnetic or 
able. titanic iron; limonite. 

3378 Hornblende- Rib river. N.W. 30 4E. Coarse-grained gneiss; Orthoclase, oligoclase and quartz, ~n nearly 
biotite-gneiss. 

I 
11 white quartz and feldspar, ~qual proportions, the crystals of each varying 

and black hornblende rec- from mediu~ size to large; hornblende and biotite, 
ognizable ; hardly distin- in large quantity; apatite; magnetite or tit ani~ 
guishable from 3376. iron. 



~6 Hornblende- Rib river. N.E. 00 4·E. Coarse - grained ; other- Plagioclase and orthoclase, in large crystals; 
biotite-gneiss. 14 wise n o t difterent from qum1.z, as usual; hornblende, as in_ ~374! and 

3374}. ~71. abundant; . apatite, unusually abundant., in 
stout blunt crystals, as well as· the usual slender 
ones, in both ·the quartz and feldspar; biotUe; 
litt.le augite. 

0 

3377 Hornblende- Rib river. N.E.,30 4E. Differing from 3371 only This rock is very like 3371, the only differences 
biotite-schist. 14 in being finer grained. being the presence of a greater proportion of 

magnetic or titanic iron -these mim rals being ~ 
abundant- and of apatite, and the finer grain. 0 

0 
~ 
.UJ 

8389 Augitic hornblende- Rib river. S. E. 29 5E. Light colored. mottled, Orthoclase and some oligoclase, both much de- 0 
g~eiss. 8 coarse-grained rock. White composed, in large grains: some of them 3 mm. in ~ .. quartz and feldspw~ are rec- length; [htartz, plenty, also in large grctins; horn- 1-3 

ognizable, also g r e e n ish blende, t e next mineral in importance, mostly if p::t 
trj 

grains of so m e mineral, not ·wholly a result of alteration of· augite, that 
~ which give the rock a tinge mineral being ;found in cores·in most of the horn- >-4 

of that color. blende crystals; augite, in some huantity. This td 
rock contains relatively much less ornblende and ~ 
autte than the previously described hornblendic ~ 
roc . - trj 

~ 
r. 

~ '3373 Chloritic augite-· Rib river rapids. N.E. 31 3E. Light gray; fine-grained; Quartz, in small grains constituting the larger 
gneiss. . 25 schistose; quartz in small portion of the rock; orth:Jclase and plagioclase, in t"1 

t"1 
grains is predominant. some quantity; augite, and its decomposition prod- trj 

Greenish black flakes of an uct chlo1-ite, in numerous grains and patches, ~ 

:I 
undeterminable mi n e r a 1 the augite often as a core of the chlorite; little 
ate recognizable. · biotite. 

3374 Chloritic aug1te- i Itib_river rap1ds. N.W. 31 3E. Differs from 3373 only This rock is much like the preceding. Ortho· 
gneiss. 

I 
25 ·in being of a flesh ·red clase is more prominent, and more decom~osed; 

color. microcline; augite and chlorite as in 337 , but 
more plenty;· very little biotite;. stains of oxide of 0:> 

~ iron. ~ 
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3379 Augite· gneiss. ·Rib river. s.w. 00 4E. Massive, schistose rock. . Orthc•clase and oligoclase, not very plenty; 

3 has a light gray ground· quartz, composing perhaps half d the rock; au-
mass with black crystals gite, very prominent, being next to the quartz in 
scattered through it. . quantity, occurring in meuium sized rounded or 

irregular grains; chlorite and uralite as decompo-
sition product of the augite; hornblende; apatite; 
numerous small rounded grains of titanite, and 
some which show the regular forms of that min-
eral. 
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TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE MICA SCHISTS OF RIB RIVER. 

·Name. Place. Macroscopic descriptions. Constituents as determined by the microscope. 

--1----·------·r----------- --- -- --
3381 

3383 

S3B4 

3388 

Biotite·schist. 

Micaceous quartz­
schist. 

Mica-schist. 

Magrietitic musco-
nre-schis~ I 

Rib river. 

Rib river. 

Rib river. 

Rib river. 

S.W. 30 4 E. 
13 

Lig-ht gray, fine-grained, 
schistose rock; w h i t e 
qua.rt.z and dark shining 
small flakes of mica are 
recognizable. 

N. E. 30 4 E. 
24 

Very fine-grained, light 
gray rock. The particles 
of quartz are so small as 
to b e indistinguishable. 
Scales of mica give the 
rock, when split parallel 

N.W. 
30 

: to the schistose plane, a 
lustrous appearance. 

30 5 E., Dark, gray-white-and-
. black-mottled reck of me-
. dium grain. Decomposes in 

an uneven manner, showing 
that one mineral decom­
poses more easily than the 
others. Effervesces in acids. 

N. E. 29 5 E. 
6 

Fine-grained, compact, 
finely schistose, lustrous 
rock, of a steel gray color, 

. va.rying in places to a flesh 
red. · -· ·. · 

Quartz with a little orthoclase and o~igoclase, in 
minute grains, constituting the groundmass;. bio­
tite, very plenty, most of the scales with their basal 
plane parallel to the schistose plane; apatite; 
magnetic or titanic iron. 

Qua1·tz, ·very greatly predominant in small 
grains which show nothing of the rounded ap­
pearance of those of sandstones. Many minute 
crystals of apatite, included in the quartz; biotite, 
prominent; muscovite in small blades and scales; 
little i1·on oxide. 

Groundmass consists of gua1-tz and calcite, the 
former for most part in minute grains, the calcite 
in large quantity; biotite is the prominent· mica; 
nutscm;ite ig plenty. The flakes of mica lie mostly 
parallel · t.c, the schistose plane. A little au,qite, 
some magnetite or titanic iron, and apatite, are also 
present. 

The very fine-grained groundmass appears to 
be made up of qum-tz and feldspar. Musr.ovite 
and magnetite are both abundant, and the indtvid­
uals·are arranged along lines paml\el to the schist­
ose direction. ·.Augite is present in rounded grains. 
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TABULATION OF THE RESULTS OF. A MICROSC0P1C STUDY. OF DIORITES. OR U:UALITIC GABBROS OF RIB RIVER. 

Name. Place. 

Diorite. Rib river. 

; Diorite. Rib river. 

g, Macroscopic descriptions. 
s:: 
I'll 
~ 

Constituents as determined by the microscope. 

--- ----------------------1·------------·--------~---
N. W. 29 5E. 

16 

N~ W. 29 5E. 
16 

. Composed chiefly of dark 
green lustrous hornblende 
and coarse crystals of much 
decomposed feldspar. 

Finer grained· than the 
preceding, and the feldspar 
apparently fresh; otherwise 
like ~391. 

Feldspar, in large crystals, much decomposed.; 
some certainly and all probably plagioclase; kao-· 
lin and scales of chlorite, as decomposition products 
of the feldspar; hornblende, the predominant min­
eral, of a green fibrous variety, and containing 
garnets, ·titanic iron, and often cores of augite; 
epidote, in fissures running across the section. 
'l'he hornblende individual~, when they contain 
cores of augite, are less strongly dichroiC, in fact 
answer to the de.scription of uralite. A little sec­
ondary quartz, perhaps secondary, and apatite are 
preaent. ' 

. . 
Labradorite, quite fresh in places, though a por­

tion is much decomposed, containing rutile and 
apatite; hornblende, chiefly or wholly of the vari­
ety uralite, most of the crystals containing one or 
several large patches of diallage as· cores, and 
still retaining the characteristic fibrous structure 
of that mineral. Other pieces of amphibole, how­
ever, are true hornblende, showing .regular cleav­
age, etc. But since the hornble.ncle is found in 
all stages of growth, from the time it was dial­
lage, it is probable that all the hornblende was 
formed by the alteration of diallage. Magnetic 
or titanic- .iron and; a litt~e quartz, probably sec-
ondary, are reco~mzable. · 



3394: Di01ite .. R.ib river. 'N.W. 29 5E. 
21 

In general. appearance 
inric):l like the two preced­
ing, but has a larger pro­
portion of feldspar than 
either, and as to coarseness 
of gi-ain lies between 3391 
and 3392. 

Hornblerule;:as ·in 3392, although a larger pro· 
portion contains .no diallage cores; diallage and 
augite, as in 3392; quartz, plentiful in large grains, 
containing no_ inclusions; apatite and 1·utile; 
titanic iron, With its gray decomposition product; 
.titanite, in a few irregular crystals; oligoclase and 
orthoclase, in about equal proportions; a few large 
grains of biotite .. 
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TABULATION OF THE RESULTS OF A MICROSCOPIC STUDY OF THE ROCKS OF LOWER RIB RIVER. 
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Chloritic siliceous Rib Falls. N.E. 29 5E. Verv fine-grained; The ground mass of this rock is composed chiefly 
schist. 28 com~act with rough of minute quartz and feldspar fragments, and has 

cone oidal fracture. a strong appearance of fragmental origin. Thickly· 
scattered through the groilndmass am minute 
greenish particles of chlorite, and some perhaps 
of hornblende. There are also present good sized 
crystals of orthoclase and oligoclase, always 
much clouded. The orthoclase crystals carry 
bright greenish epidote, which ingredient is al~o 
present in the groundmass to some extent, in fine 
particle!:! .. Quartz seams and nests appear in one 
part of the section. 

Rib Falls. N.E. 29. 5E. Light gray to dark Numerous very large dull crystal! of orthocla-.;e 
28 green; mottled; large and oligoclase are imbedded in a groundmass 

crystals of white feld- composed chiefly of small particles of quartz with 
spar compose a large some orthoclase and triclinic feldspar. As seen 
portion of the rock ; in polarized light the appearance of this matrix 
these · are buried in a often suggests a fragmental origin. There are 
matrix, giving the rock also present- biotitJ{l, chlo.rite, hornblende, mag-
a porphyritic appear- netite, and brown oxide of iron; these five min-
ance. erals being arranged in clusters in such a manner 

as to suggest their secondary origin from some 
original large sized porphyritic ingredients. 

Epidotic biotite- Rib Falls. N.E. 29 5 E. Medium-grained; Orthoclase and oligoclase, predominant; much 
granite. 28 compad. Light pink- quartz; biotite plenty; chlorite, clustered so as to 

ish gray feldspar, suggest alteration from some other mineral; 
quartz and dark green apatite; magnetic or titanic iron; little epidote. 
mica. are visible. · 

-· 0 
0 
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954 

955 

957 

8395 

Calcitic chlorite-
schist. 

Epidotic siliceous 
schist. 

E pi do tic horn-
blende-schist. 

Horn ble ndic 
gabbro.· 

· Argil"laceousl 
quartz-schist. 

1 

Rib Falls. 

Rib Falls. 

Rib Falls. 

Marathon city. 

Rib river. 

N.E. 29 5 E. 
28 

N.E. 29 5E. 
28 

N.E. 29 5E. 
28 

1 28 5 E. 

S.W. 29 6E. 
5 

A pnanitlc; foiiated; 
finely larnellai·; soft 
greasy feel; dark green 
color; contains pyrite. 

Larger part like 953. I 
Intrusive masse·s of 
light pink granitic 
material. 

Veq fine grained; comp0seci largely of finP. 
fibrous chlo1·ite and very small grains calcite; 
quartz, magnetite and fen·ite are present. 

Much epidote, quartz, and considerable chlorite 
are scattered through a very .Jne matrix which 
seems ~ be largely composed of kaolin; calcite 
and ferrite. · 

Fine-grainetl; mass- Hornblende is the chief constituent, iil· irregu-
ive; uniform texture lar pieces wi.th mgged outlines varying from 
and color; black. large size to minute. The larger part of there-

mainder of the rock is of feldspar, in part cer­
tainly plagioclase, but so much decomposed as 
to make it impossible to say whether orthoclase 
is present or not; little quartz; epidote in fissures 
cutting through the section. 

M.e diu m-grained; \ Diallage, in rounded crystals, the most im­
compact; uniform dark portant constituent; oligoclase; few large 
gray; large black Ius- crystals of hornblende w1th cores of diallage; 
trous crystals of horn- little magnetic or titanic i1·on. 
blende stand out prom-
inently in the finer 
mass of the rock. · 

This rock in its ·general appearance and 
clastic character rrsembles closely the Marshall 
hill rocks. The fragmental particles are more 
numerous, smaller, and vary from large ones 
through every grade down to the excesaively fine 
matrix. In the Marshall hill rocks these crystals 
are largely quartz; in this, orthoclase feldspar is 
much predominant. Oligoclase and quartz occur. 
The matrix appears to be precisely the same, 
kaolin and chlorite probably preponderating, 
magnetite and ferrite present. Besides the. small 
feldspar fragments, t.here are seen two or three 
very large porphyritic crystals of orthoclase, one 
of them being a Carisbad twin. -1 

0 ...... 



I 

l......._ 

702. CRYSTALLINE ROCKS OF THE WISCONSIN VALLEY. 

ROOKS OF THE WISCONSIN RIVER VALLEY FROM PINE 
RIVER TO GRANDFATHER BULL FALLS. 

SKETCH MAP VIII. 

_The principal rocks of the area of this map are hornblende gneiss 
and schist, with interstratified beds of augite-gneiss and schist, and 
mica-schist;. the whole group being plainly hut the northeasterly. 
extension of the similar rocks of the Upper Rib river, Sketch Map 
VII. Associated with these gneisses, and probably intersec.ting 
then1, are belts of gabbro and .peridotite. In the extreme north­
western corner of this area, at Grandfather Bull Falls; granite is 
exposed in a belt of considerable widtl~; but. no specimens are at. 
hand to represent the rock. . . 

As with the hornblende schists and gneisses of H.ib river, so also 
with ~heir continuations ·in the area now under discussion,· the 
hornblende is in all cases merely a pararnorphic product of the augite 
and dia1lage, many thin sections in fact being without hom blende. 
As to other ingredients these gneisses are like those of Rib river and 
do not need any fnrther general description. 

From the d.~scriptions in the following tables it will be seen that 
these gneisses carry mica as a constant ingredient, and that the mica- . 
schists interstnitified with them are plainly only peculiar phases in 
which the mica predorhinates over the augite a.nd hornblende. One, 
or both, of the latter minerals is commonly to b~ seen in the thin 
sections of these mica-schists. 

Along the rapids of Prairie river, for a distance of about one­
fourth mile, in the N. E. t of Sec. 3, T. 32, R. 7 E., a belt of nralitic 
gabbro may be seen in contact with an angitic gneiss. This gabbro 
is of a dark gray color, and a medium grain. The triclinic feldspar· 
and altered diallage are hoth distinguishable by the naked eye. 

In the thin section, labradorite and diallage, in nearly equal pro·­
pprtions, are seen to make up almost the whole ~f the rock, the 
last named mineral·being more or less: altered to uralite. Apatite, 
titaniferous magnetite, chlot·ite and biotite are the accessories. 

A black, rongh- textnre~, often greenish-stained, ·greasy looking 
rock, which makes large exposures along the Wisconsin river from 
Rocky Island in the N. W. t of Sec. 4,. T. 31, R. 6 E., to tbe N. E. l 
of Sec. 8 of the same tow~ship, _proves to be a highly altered perido­
tite. Sections of the freshest portions show a few spots of the 
original chrysolite, but even ii1 these cases the .Jarger part of the sec-· 
tion is made of serpenthie. The other recognizabl~_'ingredients are~ 
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enstatite or hypersthene, and magnetite, along with hematite and, 
oehre· as decomposition products. Some sections show no trace of the: 
original olivine. . 

The peculiar gray and gt·eeuish gray schists of Pine river in Sec. 
22, T. 31, R. 1 E., in the southern part of the area embraced in 
Sketch Map VIII, are quite m1like the other rocks of this area. 
Their nature is somewhat obscure, but they seem to be of a frag­
mental· 0rigin, and upon the whole appear to be somewhat allied te 
the argillaceous quartz-schists of Marshall Hill. 
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8410 
~ 

B~otite-a u g it e - . Rapids on Prairie S.E. 32 7 E. Fine-graine d; 1 i g h t- Orthoclase and oligoclase; quartz, very plenty, t'j 

gneiss. river. 13 gray; compact. White containing apatite; biotite and augite, in some ~ 
feldspar, translucent quartz quantity; chlorite, often surrounding the augite 0 
and black grains of mica as a decomposition product; a little muscovite. a 

~ 
and augite are recog- 00· 

nizable. · 0 
l'%j 

1-3 
8412 B~otite-a u g it e - 13 32 7E. Same as 3410. Orthoclase and oligoClase, as in 3410; microcline; l:Q 

gneiSS. auattz, less than in the above; . biotite, very abun- :::?:l 

ant; muscovite; augite, as in 3410, though less in :a 
quantity; chlorite; apatite, very plenty, both in 1-1 

00 
t.he feldspar and quartz. a 

0 z 
00 

8404 Augitic biot i t e- . Rapids on Prairie Cen. 32 7E. Differs from the preced- Feldspars, as in 3410 and 3412, but more 1-1 z muscovite-granite. nver. 13 ing in that the feldspar clouded by decomposition and stained with oxide 
<1 is bright pink instead of of iron; quartz, biotite and apatite, same as before; > white, givmg the rock a less augite; muscovite, in. some quantity. t:-1 

much redder color; other- ~ wise the same. ~ 

3415 A~gite-b i o tit e- Copper river. N.E. 31 6 E. Fine-grained; brick red. llficrocline; 01-thoclase; oligoclase; quartz,· bio-
gneiSS. 6 White quartz, red feldspar tite; muscovite, in very small quantity; uugite, in 

and brownish flakes of mica few small grains; magnetite,~ limonite; a little 
are recognizable. apatite. 



3417 Augite-biotite- Copper river. N.E. 31 6E. Rather co'arse- gt;ained;. Orthoclase; origoclase_; .microcline.; quartz, con-
gneiss. 6 mottled. Dirty white crys- taining apatite; biot-ite; augite, all through the sec-· 

fals of feldspar, quartz and tion in innumerable small round grains; magnetite· 
black shining scal~s are or titanic iron. 

~ ·visible. 0 
~ 

<3422 Hornblende- Copper nver. N. E. 31 6E. Finely schistose, bl~ck, Hornblende, largely predominant, the crJstals 
I schist. 6 massive rock of uniform lying in all directions, but most of them parallel ~ 

color and appearance. to the schistose planes; quartz, next in abundance 0 
~ 0 1:.11 to the hornblende, in mmute, round grains; mag- ~ 

netite or titanic it·on, prominent in numerous w 
irregular black patches; hemat-ite, in a few red 0 
scales. _l:t;j 

1-3 
p:j 

3424 Augitic schist. Copper river. N.E. 31 6E. Compact; fine- grained; Orthoclase; oligoclase; micror.line; quar:tz; t_xj 

6 schistose. Feldspar in red- augite, in numerous clusters of· particles, also in ~ dish white grains, quartz, ma11y isolated small rounded grains·; uralite ,· mus- J-ot w and mica in small flakes covite, in a few mint;tte flakes; apatite; limonite; ' 0 
are recognizable. titanic iron, with its gray decomposition produ~t. ·.:> z 

3427 · biotite·- N.W. 31 Augite and biotite, jn nearly equal proportions 
::n Augitic Copper river. 6E. Fine-grained; strong I y J-ot 

schist. · 5 schistose; of a uniform are the chief constituents of the rock. The augite z 
glistening black color. occurs in small rounded g-rains scattered very uni- ~ 

J-ot 
formly. Quwtz, plagioclase. and orthoclase· are. ~ 
the most important remaining minerals; magnetite t_xj 

is present. ~ 

~ 
3434 H o rnblende-bio- Devil's creek. s.w. 31 6E. Medium-grained. White Quartz and feldspat· constitute the ground- > 

t"l tite-schist. 15. feldspar, h·anslucent mass. Most of the quartz occur;;; in small irregular t"l 
. quartz, and an abundance 11rains packec~ between the hornblende individuals . t:r:l 

of black mic~t scales are The feldspar, which is labradorite in part at least, !<I 
apparent to the unaided occurs in large areas entirely free from quartz. 
eye. The hornblende is much decomposed. Its crystals 

for the most part lie with their longer dimen-
sions parallel to the schistose direction, and are 
very plenty. A little augite is included in the· 
feldspar areas. Biotite, in abundance; a little -l 
magnetite is present. 0 

Ct 
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3432 Hornblend,e- b i o- Devil 's creek s.w. 31 6E. Fine-grained, blac-k, uni- Quartz and o11hoclase constitute· the ground-
tit~~schist. 15 form schistose rock. Here mass, the former preponderant. The grains of 

and there white feldspars each are small and of_ uniform size. Hornblende 
are visible. · is very abundant, occurring as in 3434; biotite· is 

plenty; augite occurs in small rounded grains at 
intervals; apatite occuril as usual. This and the 
preceding rock very rimch alike. <). 

3436 Aug i tic horn- Wisconsin river. N.R 31 6E. Coarse-grained. Large Oligoclase and orthoclase, plenty; quartz, in 
blende-biotite-gneiss. 14 black crystals of hornblende, small quantity; hm·nblende and biotite, abundant, 

white· quartz, gray feld- the two minerals usually packed together and 
spars, and shining grains cutting each other in all directions, biotite being 
of mica are apparent to later than the hornblende, as one crystal of the 
the unaided eye. former often includes several of the latter; augite, 

in numerous tabular crystals, and as cores of · I hornblende individua)s; apatite; oxide .of iron. 

3439 Chloritic diallage- Wisconsin rive~. s.w. 31 6E. Fine-grained; compact. ·oligoclase and orthoclase, in large crystals, com-
gneiss. 12 w·hite feldspars, transl.u- posing a large proportion of the rock; qua1-tz 

I 
cent quartz, and numeious I prominent in.large grains; dial/age, in numerous 
greenish-black flakes of r:-mall individuals; ·chlorite, a.S decomposition prod-
mica are apparent to the uct of the diallage, quite plenty; magnetite or 

' unaided-eye. . titanic iron. · · · · 



• 

3440 

3441 

Hornblende­
diallage-granite. 

Chlorltic diallage­
gneiss. 

Wisconsin river. 

Wisconsin riv~r. 

s.w. 31 
12 

N.E. 31 
18 

6E. 

6E. 

Medium-grained wh i t e 
quartz and feldspar, and 
black hornblende, in nearly 
equal proportion, are appar­
ent to the unaided eye. 

Coarser grained than 
3439. The quartz and 
feldspar in in any places 
are stained with iron oxide; 
otherwise the rock is much. 
the same .as 343. 

A portion of the feldspars- 01thoclase and 
oligoclase:- are in large crystals, some of them 
being.1.7 rum. in length. Other crystals are small 
arid confusedly mingled together with the quartz; 
The quartz occurs in small grains. 'l'he large 
crystals of feldspar mingled with the mass of 
rock, which. is composed of small particles of 
quartz and feldspar, give it a somewhat porphy-
ritic appearance. Hm·nblende is very abundant, ES 
this mineral composing a considerable portion of 0 
the rock. The individuals ·vary from a very small f2 
size to those which measure more than 3.5 mm. 0 
in length. A portion of the hornblende at least · l':l:j 

is an alteration product of diallage; for often one 1-3 
end of a crystal is diallage and the other horn- t:t: 
blende. The diallage also occurs separately in some tri. 
quantity. Biotite is present in a few grains, as 
is also the usual magnet-ite or titanic iron. 

This rock is in every way intermediate between 
3439 and 3440. The feldspar and quartz have 
somethil)g of the same peculiar appearance shown 
in 3440; yet it is not so marked, these minerals 
having m ore of the characters ordinary in 
gneisses, as shown in 3439. Again, the diallage, 
which in these rocks appears to be the mineral 
from which the chlorite and hornblende were 
formed, is more altered than in 34~9; yet not so 

·much as in 3440. In this rock it i~. as in 3439, the 
most important mineral of the three, yet there is 
a good deal of chlorite. and ·some uralite. U ralite 
is not present· in 3439, and is very pl'ominent in 
3440. Chlorite is not presE:nt in 3449, and prom­
inent in 3441. ·A little biotite, some magnetite 

. or titanic iron, and limonite stains are observable. 
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3425 Augitic mica- Copper river. N.E. 31 6E. Black; fine-grained;· Biotite, composing nearly the whole of the rock, 

schist. · N.E. schistose mica in shining many scales showing strong dichroism, but the 
6· flakes, most of them par- I greater part cut parallel to the basal plane; mus-

allel to the schistose planes, covite, present in some quantity; augite, in the usual 
is the oniy mineral recog- clusters of rounded grains; ma_qnetite, associated 
nizable. with the augite; quartz and· o1·thoclase, in a few 

grains. 

3437 Q~artzose biotite- Wisconsin river. s.w. 31 6E. Light gray; finely scbis- . Qua1·tz, constituting the groundmass in small 
schist. 12 tose. White quartz, and irregular grains averaging only about .08 mm. in 

mica in lustrous flakes are breadth; biotite, the second mineral· in quantity, 
recognizable. the flakes mostly parallel to the schistose planes; 

augite and hornblende, present in small quantity; 
plagioclase, in a few small crystals; hematite. 

3436 Mica-schists. 'V'isconsin river. s.w. 31 6E. Fine-grained; gray; I Quartz, as the groundmass, in grains somewhat 
12 much like 3437, the only larger 'than 3437; plagioclase, in small quantity 

! difference being that the mingled with the qua,rtz; biotite, the principal 
. mica is .more prominent mica, the greater portion of the flakes having 
and the quartz less so. their bases para,llel to the schistose plane; musco-

vite, in some quantity; magnetite,· apatite. · 

3442 C h 1 o r i-t i c mica- Fine-grained; soft; Qum·tz and orthoclase, composing the ground-
schist. strongly schistose. . Mica mass, the former largely predominant·; biotite and 

~ in blackish gray shining musco·rite, both very plenty, together forming per-
flakes, quartz, and feldspar haps half of the rock; chlorite, quite al.mndn.nt; 
are recognizable. magnetiie; epidote; apatite. 

'-l· 
0 
(;!) 



RESULTS ·OF A MICROSCOPIC STUDY OF THE SCHISTS OF PINE RIVER. 

• .!. 

I 
.. CJ 

<l) 
p.. 

00 
Name. Place. d Macroscopic description. · Constituents as determined by the microscope. -d ~ 0(1) 0 ci . . o· 

·ci s :.t:l e:: s::: CJ 
<l) 0 ~ z 00 E-t p:: 

-- --- -·- --
3443 Pine river. 'l'he color varies from a The nature of these rocks is somewhat difficult to 
to I dark, lustrous, greenish make out, but they appear to be of a fragmental 

3450 gray to yellowish drab. origin,o and have been moch altered since the orig-
They all give a strong odor inat deposition of, the particlea of which they are 
of clay. The matrix is composed. The ground rna~ is excessively fine, 
aphanitic. In it is seen is of a tint varying from grecni~h to yellowish, and 
fragments of quartz and seems to be largely composed of argillaceous matter, 
feldspar, and in some speci- with which is mingled much chlorite, ferrite,. con-
mens clusters and veins of sidem.ble magetite and apparently serpentine. Cut-
quartz grains. ting the matrix are qnite numerous minute veins of 

quartz, which a1·e evidently secondary. Packed iii 
nests and scattered through the matrix are very 
many quite large broken or rounded fragments of 
feldspar and quartz. The former is much pre-
dominant and is chiefly orthoclase, although pla[f,-. 
ioclase is present. These feldspars are usual y 
quite fresh, but· are often replaced· in part by 
secondary quartz. · 

-

\ 
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8405 Altered gabbro. . Rapids on Prairie 13 32 7E. Medium grained; dark· Rock almost entirely composed of labradorite 
nver. gray. Plagioclas6 and di- and diallage in nearly equal proportions. Apa-

allage are both distinctly tite, in short, stout crystals; labradm'ite, hut little 
visible. decomposed; diallage, finely fibrous, . altered in 

1 

part to uralite and chlorite, in some crystals the 
. change to umlite being complete; titanijm·ous 

magnetite, with its gray decomposition product; 
biotite, in some quantity. 

3407 Altered gabbro. . Rapids on Prairie Cen. 32 7E. Same as preceding. Much like the above; the alteration has, how-
nver. 13 ever, taken place to a much greater extent. Apa.:-

tite; labradorite; dialla,qe, largely altered to 
ura.li~, the change in some." cases ·being eomplete, 
while m others there remams a core of diallaO'e • 
biotite, present in considerable quantity; magn:ti~ 
or titanic it·on, probably as a product of the alter-
a.tion of tbe. diallage. . 



U28 Peridotite. H.o·cky island, 4 31 6E. Bb.ck; rough textured, Olivine, in a few remnants which with crossed 
Wisconsin river. greasy rock, showing in nicols still give brightcolors; enstatite .or hypers· 

so:me places large brightly thene,. abundant, somewhat altered, but still re· 
shining cleavage surfaces: taining all ·the optical properties, polarizing, 

however, less brilliantly than the unaltered min-
eral; serpentine, as a decomposition product of 
the olivine, and much of- it pseudomorphous with 
it, now the chief constituent of the rock; magne· t;d 
tite, in very numerous patches of varying siz~ all 0 
through the section; some hematite and limcm"te. 0 

P'1 Much of. the three last named minerals, perhaps C/1 
most of them, are products of the decay of the 0 
olivine. A few scattering individuals much de- l'%j 

~mposed which are apparently plagioclase. ~ 
p:j 

3429 Peridotite. Wisconsin river. S.K· 31 6E. Same as 3428. Same as 3428, the decomposition perhaps car· tr:l 

N.E. ried a little further. ~ 4 1-1 
l/1 
0 

3430 Peridotite. Wisconsin river. N.E. 31 6E. Same as 3428. Same as 3428. 0 
4 z 

l/1 
. 1-4 

3430a Peridotite. Wisconsin river. N.E. 31 6E. Light green, no cleavage Evidently of the same nature as 3428, but the z 
4 surfaces, otherwise as above. olivine is completely altered to serpentine, etc., ~ 

H 

I I while the enstatite no longer retains its optical <1 
properties. Other minerals as above. · trj 

·~ 

<:: 
> 
t""' 
t"i 
~ 

~ 
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SUMMARY OF RESULTS .. 

With regard to the·_broader structural and g~netic relations of the 
rocks described in the foregoing pages, a study of so restricted an area. 
as thq. one here covered cannot be expected to afford any satisfactory 
conclusions. Such conclnsions can only be looked for when the whole 
extent of the crystalline schists of the northwestern states and the 
adjoining part of Canada shall have been submitted to a compre­
hensive and exhaustive investigation. in these paragraphs, then, it 
is designed simply to sum np i~ a ~onvenient form for .future refer­
e.nce tl~e observations detailed in the preceding pages. 

Setting aside for a moment the peculiar quartz-schists and quartz~ 
ites met with in the immediate vicinity of vVausau, the. crystalline 
rocks of the Wisconsin ~~alley inay be described as a great series of. 
schistoce gneisses. Alternating with these are finer graine~ and more 
~ighly lamellar, schists, which are plainly only phases of the ·prevail­
ing gneiss. Intersecting the gneiss at long intervals are dikes of dark 
colored basic material- olivine-diabase, norite, gabbro, peridotite, and 
alteration forms of those rocks,- while structureless masses and areas 
of granite occur, often plainly, and always presumably, of an intru­
sive nature. Jn some cases we have instead of the granite a typically 
developed q uartziferous porphyry. 

In trend, these prevailing gneisses and associated schists r~nge 
from N. 35 E. in the extreme northeastern part of the area examined, 
to N. 65 E. midway in its width, and to north of west at the extreme 
southwest; the whole series thus swinging arotind more and more to 
the westward as it is followed along the strike from the northeast. 
The beds stand nearly always at a very high angle, on either side of 
the vertical, from which they rarely depart more than 40°. 

Beginning at the southernmost exposures of crystalline rocks in the 
Wisconsin valley, and proceeding northward, we cross first a belt 
some five and twenty miles in width occupied chiefly by mica gneisses 
of a light gt·ay, pinkish gray, or mottled coloring, and very rarely with 
a general greenish hue. These gneisses are all ~ugite-bearing, and the 
same is true of the interbedded hornblende schists. ·Quartz-porphyry 
and black oli\·ine-diabase are met with at rare intervals in intrusive 
masses. Intersecting granite and granitell appear much more com­
monly. 

Next north of this belt is another some ten miles in width, in 
which the nature of the underlying rocks has been only imperfectly 
determineu. At Little Bull falls are st.ructureless masses of a dark 
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greenish, or white-and-black-mottled hornblende granite; while fur­
ther to the east and northeast, on the Eau Olail'e river, coat·se 
grained red granite, and fine-grained dark, colored mica schists in 
im1nense thickness, are the underlying rocks .. 
· Still further to the north is an at·ea, some twelve. miles in width, in 
which the different .kinds of rocks present a vel'y 'irregulat· and no 
longer distinctly belt-like distl'ibution. Of these rocks the argilla­
ceous qnal't.z-schists of Marshall hill seem cel'tainly to belong with 
the so-called Huronian schists· which stretch down into this district 
from their well known occurrence on the Menominee rivet·. Possibly, 
also, the qnartzites of the lowet· pat·t of the Little Rib l'iver and of 
the Rib and Mosinee hills belong to the same formation, but this is 
much more doubtful; the appearance of these qnartzites suggesting 
strongly their vein origin. The coarse red granite of the imu~ediate 
vicinity of vVausau seems to be a limited mass of eruptive origin, 
and the same appears to be true of the granites which lie to the west 

and north of Wausau, and also of the q uadziferons pol'phyt·y which 
occupies so lal'ge an area to the east of that place. The gabbro ~n the 
vicinity of l\farathon city on the Big Rib rivet', and the norite of the 
lower Eau Claire are plainly eruptive. 

Although it is rega~·ded as cet·tain that some of the rocks in 
the vicinity of Wausau belong with the Iluronian, the limits of the 
Huronian in this region can only be guessed at. Indeed, the 
whole subject· of the relations of the llnronian and Laurentian 
fo.nnations of the northwestet·n states is one still \·eiled in so much 
uncertainty that it is not possible to assert positively that all of the 
schistose rocks of the Upper Wisconsin valley should not be included 
within the IIuroni~n. Judging 'froni pnrely lithological data, I have 
sm·mised that tlu~ limit of the I-lnronian in this region may be· some­
where near the position of the dotted line upon the accompa~ying 
plate; but that the limit is as thus .indicated can be regarded as 
nothing more than an intelligent guess; 

The northern limit of the last belt crossed in our northward jonr~ 
ney is near a line running throngh R,ib river falls and Marshall hill 
on the Wisconsin. Beyond this line to the northwat·d the country!is 
agaiti evet·ywhere occupied, so far as the northern limit of the area 
examined, by gneisses with interbedded schists anci int.rusive gabbro, 
peridotite, and granite. The gneisses of this belt differ, however, from 
those fm-t'l.1er to the southward in being prevailingly hornblendic in:. 
stead of mi'eaceous, in carrying less qnm·tz, and in their general 
tendency to a greenish hue. They are also more highly augit1c, some 
of the layers being in fact augite gneisses, without .either the horn-
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blende or mica. The same· is true also of the associated dark colored 
schists, which. at·e otherwise in no important respect different from 
those imbedded with the more southern mica gn~isses. 

Besides establishing the min~ralogical nature and relations of the 
various constituents of the s·ever.al phases of rock presented in this 
region, Mr. Vanhise's microscopic work has. ·brought out some very 

· important facts .with regard to the ex;istence of augite in the crystal­
line schists and of the relations .to -it of the hornblende of these 
-rocks. It ·has long been known that hornblende occurs as a para­
morphic product from augite, this product being known as. m·alite. 
Since the application of the microscope to the study of ·rocks, the 
occ.urrence of uralitic forms of hornblende has been shown to be not 
uncommon among basic eruptive rocks. Hawes first showed that the 
so-called "basaltic" hornblende, whose sections are· characteristically 
of a deep brown color and very highly dichroic, also occurs as a rock 

·constituent with cores of augite. Later I myself found the same 
thing among some hornblende gabbros of the Lake Superior country. 
M~. Vanhise's study shows now that augite, so far from being a 

stranger to such rocks as gneiss and granite, is nearly as common a 
~onstituent, so far at least as this region is concerned, as hornblende 
or mica, and that all of the hornblende of the rocks of this reg~ on is 
but altered augite. l'riy own examinations of many hundred sections 
of the eruptive rocks of the Copper-Bearing Series of Lake Superior 
have convinced me that in those rocks also there is ·no hornblende 
that is not secondary; and while· I am not at all prepared to say that 
there is no such thing a~ originallwi·n blende, in the older crystalline 
rocks; I am sure that there is far less of it than has heretofore 
been f:?.uppos~d. Many diorites are thus bnt uralitic or altered dia­
bases and gabbros; while many syenites, hot·nblende granites, horn­
blende gneisses, and hornblende schists. are also but altered augitic 
rocks. . The existence of this wide-spread alteration, and o£ another 
equally important one which I have elsewhere shown to obtain widely 
i~ the rocks· of the J.Jake Superior region, namely, the substitution of 
secondary quartz for primary feld~pars, make it very evident to me 
that any one attempting to solve the problem of th~ origin of the 
crystalline schifilts must give much attention to the matter of internal 
alterations and replacements. . 
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~UPERFICIAL. GEOL~GY ~F THE UPPER WI~C~N~IN VALLEY. 

BASED ON THE NOTES OF A. C. CLARK. EDITED BY T. C. CHAMBERLIN. 

The facts relating to the superficial geology of the valley of the 
Upper Wisconsin river (Mar~thon and Lincoln conn ties), will appear 
in their clearest and most interesting form, if they are sketched with 
reference to the agencies which produced them.· The whole region 

.lies within the territory covered by the ancient ice-sheet of the first 
glacial epoch, bnt only partially within that overspread during the 
second glacial epoch. The limit of the glacial ad 'ranee skit·ts Mara­
thon ccnmty on the cast, following essentially the watershed between 
the \Visconsin and vVolf rive1·s to town 33, when it curves westerly 
acroEs the .southern portion· of Lincoln county through the tiers of 
townships numbered 33 and 34 N., to the watershed between the 
Wisconsin and Chippewa rivers in Taylor county. Thus nearly all of 
.M~aratbon, and .the southern portion of Lincoln county, He within 
the region covered by the earlier glaciation, but not by the later. 

Va-lley Flood Deposits. · When, howm·er, the ice of the second 
epoch occupied the territory north of the·limit above sketched, its 
melting gave rise to large quantities of water, which. issued from its 
margin in innumerable streams that flooded the adjacent land, and·, 
gathering into great streams, flowed down the p-rincipal valleys, bear­
ing sand and gravel derived from the glacial drift. The deposits so 
formed, while they lie within the territory of the older glaciation, 
were really formed during the later epoch, and tlu·o'ugll. the agency 
of its glacial floods. These constitute the deposits that occupy the 
valleys of the vVisconsin and its main tributarie~- the Plover, the 
Eau Claire, the Pine and the Prairie rivers on the east, and the Big 
Rib and the vVood rivers on the west. They also constitute the level 
areas· of sand and gravel which border the rough morainic region that 

·marks the limit of the second gl~cier. The sandy plains immediately 
'adjacent to the Wisconsin river are striking examples of 'this deposit. 
The fact that it is strictly a valley deposit of washed material, deri red 
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from the north, and not in any proper sense a representative of the 
superficial deposits and soil of .the region in general, has been over. 
looked by thousands ·of transient visitors, whose entrance and exit 
were confined to the valley, and who have· therefore. borne away an 
impression of sandiness and sterility altogether untruthful as applied 
to the region in general.· 
. EaPlier Glacial Deposits. As we.pass up f~·om the -level deposits 
that adjoin the river, into the uplands, a rolling surface, covered with 
drift composed of clay, sand, gravel and bo,vlders, variously inter­
mixed and arr~nged, i.~ encon~tered .. Among tl~e bowlders those of . 
granite and gneiss greatly predo!ninate. With these are associated 
,various metamorphic schists, diahases, gabbros, porphyries, and other 
representatives of igneous rocks, together with occasional erratics 
from the Lake Superior sandstones. The granitic bowlders are mainly 
of. the class underlying the region, and ·were undoubtedly locally de-. 
rived in the main. Some, however, have as nnqtiestionably been 
transported from distant regions, lying to the northward. The same 
~nay be remarked of the metamorphic schists and of the igneous 
rocks. In the distribution of these. bowlders belts seam to be qufte 
clearly discernible, having a northe·ast-southw:est tt·end, which is-es­
sentially that ·of the underlying formations, and probably also that of 
ice-movement in such localities, thoilgh this has not been ·determined 
-l>y·o~servation of strire. 

The gravel is of essentially the same character as the bowlders, bi1t 
seems to contain less' of local and of soft rock, and relatively more 
.of that of distant origin. The sand aBd' clay .are merely the finer 
prod~1cts of the giacial _grinding, and of the decompos"ition of the 
drift consti,tt1ents. The original rock being of the classes above in­
dicated, it i's not strange_ that a relatively small amount of calcareous 
matter is found in the soils and clays. Of the nnmerons·tests m·ade 
by Mr. Clark in the field, none gave evidence of a notable calcareous 
ingredient. Notwithstanding this, however, the decon1position of 
the lime-bearing feldspars and other silicates furnishes a slow and 
constant supply of lime; competent to support a hcalthy.and vigorous 
,vegetation. 

A.modif:ied portion of the. clay, near Wausau, is used for the mann­
facture of an excellent brick. 

Jforainic Accitmulatio'IJ-8. The limit of the extension of "the ice­
sheet of the. second glacial epoch is marked' by a thick accnmuiation 
of drift, heaped up in anirregular ·pe1l-mell fashion, giving a rough, 
ridged surface, characterized by irregular hills and depressions of the 
peculiar type which has ·been fully described in oth~r parts of the re-
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port, under the head of the Kettle· Moraine: ·To tliese descrfptions 
the reader desiring ampler information· of the special contour, struct­
ure and method of formation is referred. By reference to them 
it will be observed that .that portion of the Kettle Moraine which 
marks the westet·n border of the ancient Green Bay glacier, runs 
northward from the point where it crosses th~ great bend of the Wis­
consin river, following (or perhaps rather constituting) the watershed 
between the Wisconsin and Fox and Wolf rivers across the south- · 

" eastern··oorner of :Marathon county to town 33. IIere it turns quite 
abruptly to the westward, or perhaps it is to be regarded as meeting 
a portion of the moraine coming ft;orn the westward, which curves in 
a low arc across tl1e vVisconsin valley, crossing the rivet· in town 34, 
and crossing the western watershed into the Chippewa valley, in towns 
32 and 33, ranges 1 and 2 east. Full details relating to the course 

. and char·acter of this moraine in this great forest region have not 
been worked ont, bnt wherever s·een it has been found to possess 
essentially· the same characteristics that pertain to the fo:rmation 
where it has been more critically studied. 

By a glance at any good map of the region, it will be.observed that 
many sin all lakes lie along the conrse an.d. to the northward of the 
monl.ine, while to the southward, in the·arca of the older drift, lakes 
are almost wholly absent. Tbese lakes lie in the depressions formed 
by the irregulat~ heaping up of the drift. The strange and _irregular 
forms of many of them reveal. in themselves this itTegnlarity: A 
portion of them occupy depressions in the margi·nal moraine itself, 
in which case the basin is usually deep,- and bounded by sharp slopes. 
Another portion occupy broader and less abrupt depressions in the 
great sheet of dl'ift (the till or ground rno1·aine of the glacier) that 
spreads ove.r the region north-of the terminal momin.e. Still another 
class occn py depressions in comparatively level areas of modified 
drift- usually sand and gra\·el phdns. 

Borwlder Olay V'l' Till vf the·Seco1~d Glacial .Epocn:. As aheady . 
implied, the region north of the terminal mot;aine is occupied by a 
broad, irregular sheet of commingled drift, sp1·ead out by the ice-

a sheet; in other words its ground moraine. This, on its southern mar­
gin, gr~duates into the morainic accumulations, which I~eally constittite 
its edge. The distinction between the \vide-spread . sheet of till, and. 
that peculiar corrugation of it which forms the. marginal moraine, 
nowhere very sharp, is· here, judging from the observations that have 
~een made, more than usually undefined. When we consider that 
this area 1ies in the fork between the paths of th.e C;hi ppewa and Green 
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Bay gl'aciers, and near the ·summit of the Archrean highlands, some­
thing of unusual complexity is not strange. 

The Kettle range, _instead of consisting of a single morainic ridge· 
nstially etnbraces a group of moraines, sometimes considerably sep-· 
arated from each other: These give additional complexity to tho 
margimil portion of 'the later glacial drift, and hence add to the con­
fusion of the drift accumulation. 

· · In central and northern Lincoln county, there are considerable 
areas occupied by high drift hills with ron~ded tops, some of them 
having a circular form resmr1bling an old-fashioned. bee-hive in con­
toilr and proportions. Others are elongated, having an elliptical base. 
\vliile others are extended into ridges. Between them are deep val­
leys, ustially dt·y, and manifestly formed by the irregularities of the' 
drift accumulation, and not by post-glacial erusion. In. depressiom 
associated with these vallejs lie many of the beautiful lakes of the· 
region.·. There are other quite extensive areas whose general surfaces 
ai·e.level, but upon which have been impressed, as it were, basins­
some with gently sloping, and o'thers with abrnpt margins,- in which 
lie lakelets of· clear water. The surface portions of these plains are 
usually formed of assot·ted and stratifie·d drift. Below this there is, 
without doubt, the original nnassot·ted and unstratified glacial mate­
rial, though this is not a matter of observation. Tbese level tracts 
were don.~tless formed, in the main, by glacial floods and lakes, pro-· 
dnced during the melting and retl'eat of the ice . 
. It appears, therefore, that the surface fE;atnres of this region north of 

the moraine, inclnding the most of Lincoln connty, are due almost ex­
clusively to the special way in which the drift was deposited; while 
that .portion south of the moraine, including nearly all of Marathon 
county, e'xcept the valley plains, has a surface whos_e features are 

n1ainiy due to the contour of the underlying rock, over which .the drift 
spreads ·as a thin blanket, only slightly modifying the rock topography 
an'd not greatly masking it. The rock contour was in the main due,_ 
probably, to pre-glacial erosion, modified somewhat by the rasping of 
the glacier of the first epoch. . 

Peculiarities of Drainage. An exceptionally small portion of the 
rainfall of the lake region flows away on the surface. There are large 
areas over which there are rio running streams, even at the time 
when spring· floods run rampant elsewhere. The waters collect in 
the numer~us lakes and perhaps stili more nnti1erons small marshes· 
that represent ex tinct lakes,. and is there held and prevented from i m­
mecliately flowin~ away. .Many of the lakes have neither visible inlet 
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nor outlet. The question of their supply and drainage ·has frequently 
been raised. The fact that their waters are usually exceptionally 
clear and spring-like in character deserves consideration. We enter­
tain the opinion that if the truth were fully known it would be fonnd 
to be diverse in different cases. In some instances the supply of the 
lakes is simply the drainage of the adjacent stufaces,. increased, in 
some cases, by springs around. their margins; and their discharge is 
through the atmosphere by evaporation- that great outlet of. all 
lakes, which is too often unreckoned in the study of ·drainage phe­
nomena. That the~e is no open communication between adjacent lakes 
is demonstrated in some instances by the difference of level of their 
surfaces. Bnt in other instances there seem to be good reasons for 
believing that there are underground channels of communication 
through the porous material of the drift, and that through these hoth 
ingt·ess and egress of waters take place, and communication is at length 
had with the streaiilS of the region. The most of these lakes. are 
abundantly supplied with a variety of fish. This fact harmonizes 
with the hypothesis of an underground communication, sufficiently 
open to permit the fry of :fish to make the passage, though the sim pie . 
fact that the lakes are supplied with :fish. admits of other explanation. 

SOILS. 

As prev.iously remarked, the valley drift is largely composed of 
sand and gravel, giving a light soil, and is, in some portions, quite 
sterile. The plains that lie along the margin of the Kettle M01·aine, 
and were formed by the escaping glacial waters, are of less unifo1·n~ 
character. In some instances they were mainly formed of gravel 
derived from the crystalline rocks, which, on decomposition, gives a 
loam of rather light, but yet excellent character. In other instances, 
they are composed quite largely of sand, aud have a low degree of 
fertility, while in other cases, almost every ingredient was washed away 
except purely silicious sand, and the resulting soil is extrem.ely po01·. 
This is the.character of some of the" barrens." Some of the so.called 
" barrens," however, of this and other regions of Northern 'Visconsin, 
are not due so much to extreme sterility of soil, as to successive fires 
which have destroyed not only the growing vegetation, but also the 
vegetable mold, which would otherwise preserve the moisture, and en-· 
hance the fe1·tHity. · 

0£ a similai· character are the 'soils covering the plains in the region 
of later glaciation, north of the Kettle Moraine. . N earJy all that 
have been observed are sandy in varying degt·ees, and covered with a 
light soil. 

VoL. IV -46 
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The soils covering the older drift· which occupies the larger t)art 
?f Marathon county, are, for the most part, clayey or sandy1oams. 
The majority of these soils are of good quality, as may be learned 
not only by an inspection of the soils themselves, but also f1·om the 
heavy forests of hardwood and conifers which they support. The 
more sandy portions are not usually so silicious as to be very poor, 
nor the more clayey portions so argillaceous as to be objection.ably 
cold and stiff. They are, as indicated, loams, verging on the ~me 
hand toward clayey, and on the other toward sandy soil. In somo 
localities, bowlders are so abundant as to render the soil difficult of 
cultivation without considerable labor expended in their removal, 
which at this early stage of development is scarcely justified, 
but which will in time be done profitably, and will give an excellent 
soil. . 

The morainic area and that north of it occupied by unmodified 
drift varie,s considerably in the character of soil presented. Sandy 
loams prevail more largely than other varieties. · ~hese grade from 
those so silicious as to be quite poor into those light loams which are 
most desirable. in this northern latitude. Clayey loams occupy some 
areas, but cannot be regard~d as a prevalent soil. On the whole, 
while there is much poor soil in the region, there is also very much 
that is excellent, and, as before indicated, the common impression 
gained by transient visitors of the region, who see little but the sandy 
tracts of the river plains, is very far from being correct in regard to 
the real fertility of the region, and its agricultuml possibilities, when 
its wealth of forest shall have been consumed. 

The general distribution of these soils may be seen by consulting 
the soil map of the atlas. 

NATIVE, VEGETATION. 

What has been remarked of the su'rface deposits and the soils of 
the regi~n leaves little to be said to the reader, schooled in the adapta­
tion of vegetation to natural conditions, concerning the character of 
the forests that occupy this region. The more sandy tracts are occu­
pied by the Red, or, as it is usually termed, Norway Pine (Pinus 
'l'esinosus), and by Black or Scrub Pine (Pinus Banksiana). The 
better class of sandy soils bear White Pine ( Pin'lts strob1t8 ), together 
with White Birch (Betula papyracea), and Poplar (Populus t'l'emu.­
loides) in the drier situations, while in the moister there mingle with 
these. Hemlock (Abies Canadensis), Yell ow Birch (Betula ewcelsa), 
Elm (Ulmus A.me'l'icana), occasionally Basswood (Tilia Americana), 
and a variety of others. 
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On the loamy and clayey soils are heavy growths of hardwood and 
Hemlock, with occasional Pine. Among the hardwoods, d1e Maples 
( Acer rubrum and .A. saccharinum) predominate, with which are 
associated Elms, Oaks (Quercus rubra), Yellow Birch, Grand-toothed 
Poplar ( J>opul~a grandidentatua), the Balsam Fir (AMes balsamea), 
and others. 

Swamps and semi-paludal situations are occupied by White Cedar 
or Arbor Vitre (Th1.1(ja occidentalia), Tamarack ( Lariw Ame1·icana) 
and Black Spruce (Abies nigra). Many of the marshes are occupied 
by the Cranberry. 
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GEODETIC SURVEY. 

Prof T. 0. Oharnberlin, State Geologist: 
SIR- Although the triangulation work in Wisconsin is far from 

completion, I forward, at your req qest, a brief synopsis of the work 
already done. It may add to the interest of this report to state wherein 
the methods· adopted differ from those used in ordinary surveying, 
and I therefore add a brief resume of the methods of the United 
States Coast and Geodetic Survey, adopted in the triangulation of 
Wisconsin. 

(1) In all such trigonometrical surveys account is taken of the 
curvature of the earth; and, indeed, the computed amount of this 
curvature, since it leads to a ratio of the area of the spherical triangle 
included by three distances, to the area of the whole earth, serves, in 
a measure, to give the error of observation of the angles measured at 
the apices of the triangle; beca1.tse the area Of a spherical triangle 
is the same fraction of hal:f the surface of the splwre tJ-~,at tl~e excess 
of tlw S'ltm of the three angles of the triangle over two rigll.t angles 
is .of four right angles.· This sphericity becomes first apparent 
when the lines which form the triangle sides are from four to five 
miles in length. 

(2) Such surveys as the triangl!llation of a large district, are always 
preceded by a careful reconnaissance of the entire country to be cov­
ered with triangles. The object of this is to select the most advan­
tageous pointa for the .apices of the triangles, so that these triangles 
may be of the shape most condnci\'e to accuracy of measurement, and 
have pr~per lengths of sides, which are made as long as the character 
of the country will "allow. Due attention must also be paid to a 
proper s,ystem of cross lines to afford checks to the estimated lengths 
of lines. After the stations have been selected, signals are erected 
upon them, of such size and height as best correspond to the distances 
and positions from whence they are to be seen. This requires very 
careful consideration of all the conditions involved. Sometimes the 
erection of a sigrial of 50, 60 or 75 feet in height, the pole being of 
heavy timber 8 or 10 inches square, is the only alternative to cutting 
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long·Jines in various dil·ectiods through heavy timber .. In such cases, 
when these s·tations come to be occupied for the measu~enient of angles, 
the signals have to be taker1 down, and scaffolds, with tripods of about · 
equal height fl·om which 1:<> observe, substituted for them. I!l every 
case, the scaffold on 'vhich the observer stands is diseonnected entirely 
from the t1·ipod on which the ihstrument stands. The tripod is wade 
of heavy timber, in order to be as firm as possible. In this manner 
no jar is communicated to the instruments by any motion .of the · 
observer as he 1noves arot1nd upon the scaffold,. nor by any ordinary 
jarring .of the ground about tlie s~affold. In spite of their gmat weight 
these heavy structures are, owing to the severe storms and their gener­
ally exposed positions, often blown· down during the progress of the 
work, occasioning great inconvenience and extra labo1._ ~hat at ~it. 
Pleasant, Green county, was blown down three times, twice the s~me 
season; the timbers were wrenched off in spite of the heaviest an­
choring with g1·een oak pos'ts, four feet in the ground .. During the 
season of 1881, the l~trge tripod at Gratiot's Grove, .in La .Fayette 
county, was partly occupied at night on ~ccount of the length of lines 
to· the surrounding stations and .the prevailing haze dnl'ing the day 

· time. Lan·Ips with parabolic reflectors were sighted upon for signals. 
One of these was 30 rniles distant on. a low hill in Iowa, across the 
Mississippi river from the. ·observing station. The angles obtained 
were apparently as good as those observed by daylight. 

(3) Of course the estimation of the lengths of the various triangle 
sides rcq nires that the length of some one t1·iangle side should be 
tneasnred with great accuracy, after which the mere measurement of 
angles will suffice. As the sides of the rnain triangles are far too 
large to be measured directly, they are connected by a system. of 
gradually decreasing triangles to a line, selected on as level ground 

as possible, called a base-line, the length of which. is ascertained .by 
actual measurement with all possible precision. At some favorable 
place, far distant from the starting base, anothet· base-line is measured 
with equal accuracy as the first, and its measured length compared 
with its length as computed through the triangulation. The two 
lengths measured and computed should agree to a very small differ­
ence. 

The latter b~se-line is called a base of verification. Only the 
starting base-line has thus far been measured in Wisconsin. This 
line is located on the sandy plane bordering the Wisconsin river near 
the village of Spring Green in Sank county. Its length is about 468 
kilometres or 2.91 statute miles. Its termin'i are marked by massive 
blocks of Joliet limestone, properly engraved, and placed over sub· 
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stant.ial masonry six feet square, sunk six fee't into the ground~ This 
masonry surrounds at ths bottom a hard fonrteen-inch cnbe of lime­
stone, in which is sunk a six-inch round bolt of solid coppe1·. A 
cross markon this bolt indicates the real terminus of the line. The 
importance .of these monuments and marks would seem to call for 
some action on the part of the state to preserve them pennanently 
from injur·y and defacement .. I recommend this subject to your con­
sideration, and suggest that yon bring· the matter in ·proper s~1ape 

before the legislature or other proper authorities. 
(4) The Spring Green base--lin~ was measnr~d by means of two 

fonr-metre· standard steel rods terminating in agates. The contact 
was regulated by spring slides; the inclination of the rods measnred 
by sectors attached to the woodeu boxes in which the steel bars \Vere 
imbedded; and the temperature was measured· by thermometers, 
wlrose bulbs were in contact ·with the ·s~eel rods, and protected from 

the direct rays of the sun by proper covers. '£he temperature was 
1·ead and recorded for each rod as it was laid dp,~n; so also .the incli- · 
nation of the rod. This made a total of O\'er 4,000 readinga for tem­
peratnre, and 4,000 readings for inclination, as , the entire line 
contained a little over 1,169 bat·s, anq was throughout measured three 
times over, and parts of the line fonr ·times. Each ·rod, inclosed in 
its wooden box [the whole called a "base-'ha1• "], was supported in 
position by two wooden treaties whi.ch had to be very firmly placed 
and leveled before the bas€-bars wore l:lid upon them. Two men 
handled the bars, two the trestles, one watched very cat·efnlly the con­
tact of the agate plates, one read and recorded the temperatnres and 
readings of the inclination ·sector, and one kept in the rear or fat· 
ahead with a telescope and trantiit carefully leveled to see that the 
bars wet·e kept in line. This he 'vas enabled to do by small black. 
wands standing upright upon the ends of the base-bars, which were 
carefully kept i:J pon the exact direction of the base-line prcvionsly 
staked. out. One man with a good hot·se team kept up with the party 
in case of sudden rains or accid~nt. On stopping the measnrement 
for any cause, the position of tho agate edge of the last bar waG 
transferred to a cross mark_ on a copper tack placed in a fhrnly driven 
six by six block of wood, well sunk into the g:-onnd. This was done 
hy placing the transit, carefnlly leveled, at fifty or one hundred feet to 
one side of .the line, and bringing the vertical thread of the transit 
tangent to the agate edge at the end of the measuring bat·, and cut­
ting at the same time the cross mark on the copper tack. The rods 
used in the measurement had their coefficients of expansion by heat 
well determined, and their precise length at a standard tempet·ature, 

' 
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both before leaving Washington and after their return thither, was 
ascertained by very careful comparisons with standard bars in the 
United States Coast Survey Office. Concerning the finally computed 
measure of the Spring Green base-line, and the accuracy of the 
measurement, Mr. C. A. Schott, Chief of the Computing Division of 
the United States Coast Survey, remarks: "It appears plainly [after 
a discussion of the measurements by the method of least squares] 
that. the error arising from uncertainty in length of the measuring 
rods is the principal one, that due to the measurements proper being 
Yery small, in the present case only 4.456 ,Y3 (= ± 7.72 1) millimetres, 
or oo_6!.61!1r of the length for a single measure." * * * "We there­
fore have for the, resulting length of the Spring Gt·een Base of Wi~­
consin, the value 4678.6725 metres ± 0.0178 metres, and its log­
arithm 3.6701226 ± 17." [Report to the Assistant in Charge of the 
Coast Survey Office, March 7, 1879.- See the detailed report at the 
·close of this article. J 

(5) Having a correct value of the br.se-lin~, the length of all the. 
other triangle sides are dependent npon the accuracy of the measures 
of angles around the apices of the triangles. Every possible care is 
taken to get these angles correct. They are measured with the tele­
scope di1·ect and ·reverse to eliminate collimation; partly in the morn­
ing and partly in the afternoon to avoid one-sided illumin: t' on of the 
signals; and on different days to ensure an average condition of the 
atmosphere. In all, a minim'ltm of 72 separate measurements of' 
each angle are made. In some cases on the Wisconsin survey these 
separate measurements of one ·angle have amounted in all to between 
300 and 400 measures. It is doubtful, however,- whether with in­
stmments of modemte power, snch as the 12-iuch Gambey Repeating 
Theodolite for Horizontal Angles, and the 10-inch Vertical Circle for 
Zenith Distances used in the trianO'ulation of Wisconsin, there is an v 0 ~ 

gain in these excessive measures, as, beyon_d a certain limit, certain 
stnall errors are probably merely repeated· and not eliminated. On 
reaching each tria!1gnlation station the signal is carefully observed 
with a transit for any leaning or want of proper centering, and due 
allowance made in case there is any. As the most careful measure­
ments of all the angles around a station will not make them equal 
360° precisely, nor tally perfectly among themselves, it is necessary 
to adjust them so as to get the most probable relati\'e values for all 
the angles measured around a station. This· is done by the method 
oE least squares, which, although not required of observers by the 

1 There are about twenty-five millimetres in an inch. 
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office at Washington, has been uniformly done on the triangulation 
of Wisconsin. An example of this adjustment will be given at the 
end of next section. After the angles are adjusted in this manner 
around a station, it is still necessary to adjust them so that any given 
triangle side shall have the same length when reached by different 
routes. This is called the adjustment of figure. It can for a given 
triangulation only be made complete when two. base-lines are meas­
ured- a starting base and a base of verification- as the rati? of 
these two measured lines enters into the adjustment. Partial adjust­
ments, however, can be made as the work progresses. An example: 
of this is also added. 

(6) In estimating the lengths of triangle sides the rules of plane 
trigonometry are used- the actually measured spherical angles being 
reduced to corresponding plane ones by proper distribution of the 
error and subtraction of the spherical excess . . TP.is latter is computed 
as follows: 

Let a, b=triang1e sides (approximately known). 
c:Angle included between these sides. 
A=Equa.torial radius of the earth=6,377,397.16 metres. 
B=Polar radius of the earth=6,356,078.96 metres~ 

.;--w . 
e=the eccentricity=y 1 - A9 ; e9=0.006674372. 

L=mean latit~de of the three apices of the triangle. 
e=spherical excess. 

a b Sin C (1 X e9 Cos 2 L) 
E=~-Sinlw 

An example of the computation of the spherical excess in one of 
the average triangles of the Wisconsin survey is here given; also the 
computation of a set of triangle sides. 

. { Platte Mds., 
Computation of the spherical' excess in the triangle Highland, 

· Harker. 
a=Line Platte ·Mound-Highland .................................... log. 4.57439. 
b=Line Platte Mound-Harker ...................................... log. 4.48742 
C. Sine ...... · · .•...• • •. · · · · • • .. • • • · · · · · ... · .•• · .••...•..•...•..... log. 9. 73082 
m ...•............• • ... · · · .. • • •• • •• • • • • · •••.•....................... lo~. 1.40432 

Spherical excess=1".57 ..••••••.....•.•.•••.•• · •.•••.•••.•••.••••••• 0.~9695 

. (1 +e9 Cos' L) 
m here denotes Ule factor 2 A 9 Sin l n 

Before giving the computation of a set of triangle sides, an exam­
ple each will be given, first of the adju8tment of angles around a 
station, and second an adjustment of fig:ure. 

The following adjustment, selected on ac~onlit of its simplicity, 
will serve as an example of the manner in which field adjustments of 
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angles around a station· have been made on the Wisconsin survey, 
preparatory to passing on to the co.mputation of triangle sides, which 
is in turn prec.eded by an adjustment of the angles of the diagram con­
stitntil:lg the particular quadrilateral or other figure, the lines of 
which are about to be co~puted. 

TRIANGULATION STATION, POINT J0DAS, NEAR WISCONSIN RIVER, 

Occupied for Measm·ement of Angles in July, 1878. 

ADJUSTMENT OF ANGLES AROUND STATION. 

(FIELD COMPUTATION.) 

Names of stations. A,nglesobserved.l ~ 
~ 

1------· --------

Quarry ;1nd Blue Mounds .••••• ·, •.•••••.. 
Wyoming and Quarry ................ ·, .. 
Wyoming and I:Hue Mounds •.•••••••.•.. 
Highland and Wyoming .....•.•••...• , •. 
Highland and Quarry •......•.•.•.•••.••. 
Quarry and High~and .•. · ••••.•••...•.... 

28· 41 48.1 . 
70 17 19.4 
41 35 30.9 
53 57 27.6 

124 14 46.8 
235 45 14.4 

CONDITION EQUATIONS. 

I ............. 0=-1.2-v5-v6 

7 
10 
7 

10 
9 
9 

+.1 
-.3 

.0 
-.3 
-.4 
-.8 

48.2 
19.1· 
30.9 
27.::) 
46.4 
13.6 

II............. 0= - .. 2+v5-v2-v4 

0= 
0= 
0== 

0= .1 0= 
0= 

0== 
0= 
0=--: 

III ........... ; . 0= + .4-vl +v2-v3 
EQUATIONs oF CoRRELATIVES. 

ColTrections. 

-.1 .......... ········· ... ······· .. . 
-.3 .................. · .............. . 

.o ........................ , ....... . 
-.3 .............•................... 
-.4 ....... ························· 
-·.8 ............................ ···~. 

72 

p 

10 
7 

10 
7 
8 
8 

NoRMAL EQUA',I'IONS. 

Constants. 

v. 

1 
2 
3 
4 
5 
6 

······· ....... , -1 
-1 +1 

······· ....... -1' 

=~ .. ::~ .. ~:::: -1 1 ..... 

Values. 

-----------·--- ----- -----
-1.2............. .• .. . . .. . . . . . 1.6 -8 

.2 ............... ···•···· ... -8 + .4 .....................•.••.. -7 
-7 
27 

0.097 
0.045 

-0.004 

(1.000 
0.052' 
0.023 
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RESULTING HomZONTAL ANGLES. 

Quarry........................ 00 
Blue Mounds • . . . . . . . • . . . . . . • . 28 

00 oo.o 
41 48.2 

Vvyoming . • • • • . . . . . . • . . . . . • 70 
Highland..................... 124 

17 19.4 
14 . 46.8 

Adjustment by the method of least squares of the angles entering 
into the .figure Blue Mound, Highland, Wyoming, Platte :Mound, 
IIarker; the latter station being situated within the figure. 

The adjustment is followed by the computation· of the triangle 
sides for the same figure. [For the figure see the maps with sketches 
of triangulation accompanying this report.] 

1 o. FoRMATION oF THE EQuATIONs oF CoNDITION. 

(8). 1.' 9. 10. 

Angles. 
DifF's for 

Logarithms. one sec­
ond. 

-----------·- ---- ------- ------1---

8. 10. 9 ...••...•. ·••••.. -t+.¥ 46 30 22.18 9.86060.65 +0.20 
8. 1. 10 ........................... .. 32 38' 04.00 9. 73082.41 +0.33 
~. 9. s...... .. . . .. . . .. . . . -· I 73 33 22.90 9.98186.o3 +0.06 

9.57329.:;g ·I 
. 10. 9. 8................. -fa 104 41 56.73 

1. 10. 8.................. . . . .. . . . . . . 92 35 42.57. 
s. 1. 9... •• • .. • • . .. • .. • • . -t+1 22 47 40.30 

(10). 1. 2. 9. 

0 I II 

2. 9. 10 ....... ~. ........ -1+ l.f 76 12 28.53 
9. 1. 10 .•.••............. ........... 29 45 23.70 
1. 2. 10 ..••• ············ -i 22 13 52.82 

0 I II 

10. 2. 9 .................. +l 21 21 06.58 
10. 9. 1 .................. ........... 31 08 33.83 
10. 1. 2 .................. -~.f+t 19 18 36.80 

9.98554.85 
9.999fi5.43 
9.58819.05 

9.57329.33 
Diff=+0.06 

9.98729.40 
9.22907 42 
9.57789.05 
----

8.79425.87 

9.56121.34 
9.71363.48 
9.51941.16 

8.79425.98 
Diff=-0.11 

-0.06 
-0.01 
+0.51 

+0.05 
+1.22 
+0.52 

+0.54 
+0.35 
+0.60 
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2°, EQUATIONS OF CONDITION. 

I ...... 0=-3.83-(t)+(-l-)-(t)+(t) } 
II ...... 0~-1.77-(1-)+()0-)=bJo)+(~) Angle equations. · 

III. ..... 0--2.07-(.lf-)+(~) {t)+(fo) . 
IV ...... 0=+0.06+ .33 (.lf-)-.50 ('f)+ .17 (t)- .06 (t)+ .01 (f~Y) t Side equations v ...... 0=-0.11+1.82 (lf)-1.22 (1)-.60(i)-.5~ (~)-.35 (~)) • 

3°. TABLE OF CoRRELATIVES. 

Corr. v a b c d e'l 
------ ---------- ----~---
(!) . . . . . . • . . . • . . • . • . • • . • . . . . . • . . . . . • • • . . -1 . . . . . . . . -0.52 ,. 
<i>..... .. .. . . ....... .. .. .. . +1 ..................... · •........... 
(g) • • • • • • • •• • • • • • • • • • • • • -1 +1 ...... -0.06 -0.35 
h1i) • . .. . • .. . . .. . . . .. . . . . . . .. . . . . . -1 + 1 +·0.01 ......... . 
(t) . • • . . • • . . . . .. • • .. . . . . . . . . . . • . . . . . . . . . . +1 . . . . . . . . . -0.60 
(f)............... . . . .. . . . -1 . . . .. . . +0.17 ......... . 
('fl ..... •.•.... ... . .. • • .... . . +1 -1 -:-0.50 -1.22 
(:110.) ........ ; • .. .. .. • • • .. .. .. • • .. • + 1 -1 +0.33 + 1.82 

.ri 
l:l 

d :0 C'3 a b c e ....,. Q) 
rn 0 
l:l ~ 0 u p. 

- ---- -----------
I 0=-S.83 + 4 - 2 ,......0.61 -0.87 +1.606 

II 0=+1.77 - 2 + 4 - 2 +0.76 . +2.69 +0.3388 
HI - 2 + 4 -0.32 -1.9() +0.7650 

-0.52 
-1.61 
-1.03 
+0.46 
+1.05 
-0.96 
-0.06 
-0.04 

_gj 
C'3 
0 
~ 

r:JJ 
Q) 

~ ---
0.0000 

+0.000~ 
0.0000 

·lV 
0=-2.07 , ....... 
0= +0.06 -0.61 + 76 -0.321 +0.3915 +1.2316 +3.8274 I +0.0002 

~ 0=+0.11 j-0.87 +2.69 -1.90 +1.2316 +5.5487 -0.480~ I o.oooo 

The values of a, b, c, d, e, derived from the normal equations sub­
stituted, with the proper coefficients, in the table of correlatives, will 

be found to give the numbers found in the column of corrections of 
that table. Theee corrections applied to their respective directions 
.will give the finally corrected directions as shown by the f61lowing 
tab~e, from which the resulting angles. are obtained for computation 
of the triangle sides. With these latter angles the 'figure will be 
found to close, and the various cross lines will pass through their 
proper converging points. 
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TABLE OF OnsEIWED AND CoRRECTED DmECTIONS FOR THE FIGuRE HARKER, 
BLUE MOUND, PLATTE MOUND, HWHLAND AND WYOMING. 

BLUE MouNDs-12 in. Gambey, No. 32, 1775-1876. 

Stations observed on. Directions. 

------------------- ---------·--

Platte Mound ...•......•••..............•. 
Harker .....................•..••........ 
Wyoming ... · ........••..•......••......... 

187 19 21.2. 
209 3:) 13.7 
200 54 21.0 

·········· ...... . 
+0.32 14.02 
-0.40 20.60 

PLATTE MouND--12 in. Gambey; No. 32, 1878-79. 

Highland ... · ••.....•••..••..•...•......••. 

irirk~~~~: : : : :: : : :: : : . : : : : : : : . : : : . : : : : : : : : 
. Blue Mounds ...............•••......... • ... 

0 00 oo.o 
22 47 40.3 
02 33 04.0 
51 51 40.8 

HIGHLAND -12 in. Gam bey, No. 32, 1879. 

Blue Mounds .......•••..............•.•... 
Wyotuing .........•...•••...•.....•.•.... 
Harker .•....•••..••.••••.......•...•..•.. 
Platte Mound ...•..•••.••..•••............ 

3~ 54 09.64 
36 29 12.01 
65 16 52.20 

120 08 06.06 

. HARKER-12 in. Gambey, No. 32, 1878 . 

. Platte Mou~d •.•...••..............••.... 
Highland ...•......................•••.... 
Wyon1ing ...••..•..••..••.••......•••.... 
Blue Mounds ...•••.......••.••.......•..... 

0 00 .oo.o 
92 35 42.82 

109 06 04.87 
221 3~ 29.93 

WYOMING -12 in. Gambey, No. 32, 1878. 

Blue Mounds. • . • • . . • • • • • • . . . . • . . • • • ••.•.. 
Harker ......•..........•.•.•••..•.•.•.•.. 
Platte Mound ............••..•...• · ......•.. 
Highland •. · .••.•••......••.. ~ ......• · .•.... 

0 00 00.00 
76 12 27.06 

107 21 00.75 
180 54 23 61 

-0.3:) 09.31 
-0.06 11.65 
+0.92 G3 .. 12 

-0.25 42.f7 
-0.12 04.75 
+0.37 30.00 

-1.61 58.39 
-0.14 26.~2 

. .............. . 
+0.04 23.65 
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Co~IPUTATION OF 'fmANGLE Sm:r;:s. 

For the figure-Harker, Blue Mounds, Platte Mound,.Highlancl, TVyomin,q. 

Denomination. Observed angles. 

-----------·1-------- --- -- -- --------

Highland-Blue Mounds ......... . : .. ............................... 4.6290558 
Wyoming ............... ; .. 179 05 3636-166 34.7!:3 0.00 34.731.8005242 
Highland................... 0 35 02.H7 -0.02 02.35 0.01 02.34 8.0082703 
Blue Mounds....... . ... .. . 0 19 22.94 ...... 22.94 0.01 22.93 7.7511261 
Wyoming-Blue Mounds ... ;. . .. . .. .. .. . . . . .. .. .. . .. .. . . ~ ........ 4.4378503 
Wyoming-Highland ..................... : ........ ; .............. ; . 4.1807053 

Wyoming-Blue Mounds . . . . . . . . . . . . . ...................... · ....... .4.4378503 
Harker.:................... 82 26 25:06 +0.5') 25.56 0.23 25.33 0.0037912 
Wyoming.................. 76 12 27 ~06 + 1.47 28.53 0.22 28.31 9.9872939 
Blue Mounds .. .. . .. . . . . . .. . 121 .. 21 07.30 -0.72 06:.)8 0.22 06.36 9.5612122 
Harker-Blue Mounds .................. : ........ : ................. 4.4289354 
Harker-Wyoming .................................. · ..... · ........ 4.0028537 

Highland-Wyoming ................... · .................... , ...... 4.1807064 
Harker..................... 46 30 2J.05 +0.1!1 22.18 0.12 22.06 0.1393937 
Hig-hland........... .. .. . .. 28 47 40.19 + 1.27 41.46 0.12 41.34 9.6827535 
Wyoming- .................. 104 41 56.55 +0.18 56.70 0 13 56.60 9.985-5486 
Harker-vVyoming..... ... . .. . .. ................................... 4.0028536 
Harker-Highland ................................................ 4.3056487 

Highland-Blue Mounds .................... ." ............. : ......... 4.6290558 
Harker..................... 123 56 47.11 +0.62 47.73 0.36 47.37 0.1091693 
Highland................... 23 22 42.56 +!.25 43.81 0.35 43.46 3.6907102 
Blue Mounds............... 21 40 29.52 ...... 29.52 0.3f> 29.17 9.5674235 
Harker-Blue Mounds ...................... .' ........................ 4.4289353 
Harker-Highland .. .. .. . .. .. . .. . .. . .. .. .. .. . .. . .. .. .............. · 4.3056486 

Highland-Blue Mounds...... . .. . .. . .. . . .. . . • • . . . .. . .. . .. .. .. . .. . 4.6290558 
Platte Mound .. . .. .. .. .. .. . til 51 40.80 +2.01 42.81 1.34 41.47 0 1042900 
Highland.................... 84 13 56 75 + 1.61 58.36 1.35. 57.01 9.9977960 
Blue Mounds . .. . .. .. .. .. .. . 43 54 22.34 +0.52 22.86 1.34 21.52 9.8410320 
Platte Mound-Blue Mounds .... ."... . . . . . . . . . . . . . . . . . • . . . . . . . . . . . 4. 7311418 
Platte Mound-Highland ........................................... 4.5743778 

Wyoming-Blue Mounds ............. ! ...................... ' ; • • .. . 4.4378503 
Platte Mounrl .. .. .. .. .. .. .. 29 04 00.50 + 1.12 01:62 0.86 00.76 0.3135155 
Wyoming ................. 107 21 2;36 -1.32 01.04 0.8~·00.18· 9.9797763 
Blue Mounds ................ _ 43 34 59.40 +0.52 59.92 · 0.8 . 59.06 9.8384:747 
Platte Mound-Blue ~ounds ................. , ............ , .......... -14.731142! 
Platte Mound-W yommg. . • • • . . . • . • • • . • • • • . . . • . . . . . . • • . . . • • . . . . . . . 4. 589840~ 
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COMPUTATION OF TRIANGLE SIDES, 

For the figure- Ha1·ker, Blue Mounds, Platte Mound, Highland, Wyoming -Con. 

.,5 
"'l!j 

00 ~ cv en 
"So cv 

0 C1J 
00 s::l 1><1 Q) • 00 ~ Cll 'biJ~ Denomination. Observed angles. s= 

~ 0 ~ ~ s=lO 
~ 0 ~= 
0 ·c ·c d ·c cv cv..., 
t:: Q) cv s=.:!! ~ ..c: ..c:l d'"C 0 0.. Po 

~ 
0 

0 00 00 ...::l ---- -- ------
0 , • II II II 

Harker-Blue Mounds ........ . . i9. '·iH .. 36 :so · s1:s9!· o:46 4.4289354 
Platte Mound ............... +1.09 37.43 0.4805845 
Harker ........•.•.•........ 138 27 29.70 +0.46 30.16 0.47 29 69 9.8216220 
Blue Mound ............... 22 13 52.80 +0.52 53.34 0.46 52.88 ' 9,5778908 
Platte Mound-Blue Mounds .. ··············· ...... ······· ..... ······ 4. 7311419 
Platte Mound-Harker ..•.•••• ............... . ..... . ..... ..... ...... 4.4874107 

Wyoming- Harker ........... ....... , ....... . .... 4.0028537 
Platte Mound ..•............ 9 45 23.70 +0.02 23.72 0.17 23.55 0.-7709276 
Wyon1ing ....•••........... 31 08 33.83 -1 33 32.50 0.17 32.33 9.7106296 
Harker ..................•. 139 oo 04.75 -0.46 04.29 0.17 04.12 9:8160594: 
Platte Mound-Harker ....... ··············· . ..... ······ ..... ······ 4.4874109 
Platte Mound-Wyoming ..... ............... . ..... ....... . ... ...... 4.5898407 

Highland-Wyoming ...•..... .............. ······ ····· 4.1807064 
Platte Mound ............... 22 47 40.30 +0.90 41.20 0·.48 40.72 0.4118074 
Highland ..... · ....••..•..... SJ 38 54.41 +1.60 56.01 0.48 5,5.53 9.9973263 
Wyoming ................. 73 33 . 22.90 +1.33 24.23 0.48 23.75 9.9~18638 
Platte Mound-Wyoming ..... ............... 4.5898401 
Platte Mound-Highland ..... ............... 4.5743776 

Highland-Harker ....... : . ... ........... 4.30.56487 
Platte Mound ............... 32 33 04.00 +0.92 04.92 0.52 04.40 0.2691746 
Highland ................... 54 51 12.94 +1.61 14.55 0.53 14.02 9.9125869 
Harker ..................... 92 3b 42.57 -0:46 42.11 0.53 41.581 9:9995544 
Platte Mound-HarkL•r ....... ········ ······ . . :. . . 4. 4874102 
Platte Mound-Highland ..... ················ .. .... 4:5743777 

I 

The close coincidence of the logarithms of the sides as computed 
from different bases (for example, the line Harker- Blue Monpds) 
will·be noticed. This coincidence could only occur as an accident, 
had not the eh;ors been distributed in the manner pointed out by the 
Theory of Probability. Indeed, the final adjustment can only be 
made when all the angles of the whole triangulation are measured, 
and a second base line (or base of verification) has been ac~urat~1y 
measured. · · 

When this. is don:e, the whole system of small errors affecting the 
VoL. IV.:._ 47 

-· 
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measurements of angles, together with those entering into t!te 
measurements of both base-lines, are so distributed as to render 
the snm of the squares of the residuals a minimum, which is the 
principle of least squares. · 

Of course, it is supposed that the errors.alluded to are not mistakes, ; 
but merely those minute irregularities in measurement inherent even 
Jn the most refined observations or experiments of a thoroughly 
skilled observer, ahd generally gependent ripon varying c'onditions, 
entirely beyond personal control, such as the state of the atmosphere, 
degree of illumination of the .signal, more or less one-sidedness of 
this illumination on different-days, etc . 

. The final adjustment of a large triangulation is a work of immense. 
labor, and that of Wisconsin, when completed, will be no exception 
to the rule. E\·en now, the partial adjustments in some cas~s, lead to 
the necessity for solving seventeen simultaneous equations, contain­
:lng seventeen unknown quantities. In the reduction by least" sq nares 
of t,he Spanish triangulation, it has been neces~ary to satisfy simul­
taneousl,y more than seven hundred eq nations of condition; while 
the triangulation of India is so extensive as to preclude the possibility 
of managing it as one whole- there being an aggregate of 955 equa­
tions of condition, besides the additional ones for the closing of cir­
cuits. In the triangulation of_ Great Britain, "the network covering 
the kingdom was divided into a number of blocks, each presenting a 
not nnm~nageable number of equations. The number of blocks is 21; 
in 9 blocks there ar~ over 50 equations, and in one case the number 
is 77. The calculations -all in duplicate- were ·compnted in two 
and one-half years, an average of eig~t computers being employed." 

Before undergoing such ·great labor in computation, it will readily 
be supposed .that no precautions to secure accuracy in the measure~ 
ments are omitted or overlooked. 

In case a signal pole is found leaning, even by so much as a frac­
tion of an inch, the direction of this leaning as well as its amount is 
ascertained, and the con sequent corrections calculated for all the angles 
measured upon it, while in this inclined position. So also in case 
frost, or wind, or other causes have slightly shifted the top of a tri­
pod from the vertical, o~ if by accident it is eccentrically placed, care­
ful and oftentimes labodous reductions are made of the actnalljr 
measured angles so as to rednce them to what would be the true· 
measure when taken from the real statio_n as m~rked.,by a_n, iron bolt, 
in the rock below. Several instances of this have already occurred · 
in the triangulation of Wisconsin. Some provision ought to be made 
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to more carefully gnard these latter marks from· injury or removal, 
or permanent obliteration, as they constitute the real triangulation 
stations, and are supposed to be immovable. 

(7) In order that the direction of the lines ·on the Stll'fac~ of the 
sphere may be known, ob3et·vations for azimuth, i. c., for the angle 
between a triangle side and the tr·ue meridian, arc taken as often ~ 

as time or a peculiarly advantageous position will allow. This 
is done by obset·vations on a close circumpolar star-'-- either the Pole 
StaT, J. or a UTsae .MinoTis, or 51 Oephei, according to circumstances, 
being most, commonly used. A mad{ is set up at a distance of a couple 
of miles, and illuminated by night. The te!escope is directed alter­
nately at the star and mark, and the astt·onomical time, and the reading 
of the azimuth circle of the Horizontal Theodolite, are carefully noted.· 
The time, of conrse, must be independently determined \Vith all the 
accnracy jJossible by observations with a sextant or transit. In case 
of a sextant being used the method of ·equal altitudes is adopted. 

For the tt·iangnlation iu Wisconsin, Azimnths were taken at East 
Base and Quarry Blnff in 1876.1 The obset·vations were made with 
the 12-inch H.orizontal Circle and the Coast Snrvey Sidel'ial Chronom· 
eter Fletcher 1508. The resulting Azimuth of the line Qna'l''l'Y ~Big 
Hollow was 102° 28' 04. 0 06, and of East Base -Stewa'l't Bluff 245° 
47' 21. 0 8. New Azimuths will be measured from time to time as 
opportunity permits. 

The following Azimnths were determined at Shervill Mound, Iowa, 
in 1880: 

ExAMPLE OF THE COl\IPUTATION OF AN ASTRONOMICAL AzrMUTH OF A ])IREC· 

'fiON IN THE TmANGULATION OF WISCONSIN. 

From Observations taken at Sherrill's Mound D. 'n Htation in October, 1880. 

Deduced Corrections and Rates for Siderial Chron'r _(Fl~tc4er, 1503) for Apparent 
Noon of the days on which observations were taken on Polr;.ris for Azimuth. Also 
the corrections and hourly rates for twenty hotws of chr·o1wmete1' ~ime on the same dates. 

Chron. Time .. , 
--

Date. Corrections. Rate. Date. CorL"ection. Houdy 
Rate. 

--- ------ --- ---· --~-------
Noon, m 8 8 h m B m 8 B 

Oct. 4 .. +14 32.40 +4.24 Oct. 4 .. 20 00 00 +14 33.69 0.1767 
Oct. 6 .. "+14 41.47 4.30 Oct. 6 .. 20 00 00 14 42.76 0 1?~1~ 
Oct. 12 .. +15 9.59 4.41 Oct. 12 .. 20 0:) 00 15 10.1:4 O.l83~ 
Oct. 14 .. + 15 18.29 3.75 Oct. 14 .. 20 00 00 15 19.~ o.:,563 
Oct. 20 .. +15 54.i0 +6.26 Oct. 20 .. 20 00 00 +15 55.84 0.260~ 

I Likewise at Gratiot's Grove, Wis., rtncl at Sherrill's Mound, Iowa, in 1880. 
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F1·om Obstwvntions taken at Sherrt'll' s Mound 6. 'n Stati<m in .October, 1880- continued: 

Chronometer (Fletcher Siderial, 1508). . Times of the Means 1 of each set wit):l the 
Chronometer corrections for the same, to reduce them to Siderial Time. 

Set Chronometer .AT Siderial Time Set Chronometer AT Sid erial 
Times. Times. Time. 

- ------------ -------------
1880. Oct. 12th. Oct. 4th. 

h m I m I h m I b m 'I m . I h m I 

4 20 42 20.9 +15 11.0 20 57 31.9 
1 20 14 24.1 +14 33.7 20 28 57.8 5 21 18 52.3 11.1 21 34' 03.4 
2 32 58.2 +14 33.8 47 32.0 6 21 26 00.6 11.1 21 41 11.7 

Oct. 6th. Oct. 14th. 

1, 19 56 34.7 +14 42.7 20 11 17.4 1 20 31 52.9 +15 19.4 20 47 12.3 
2 20 05 58.1 +14 42.8 20 40.9 2 42 54.2 19.4 58 13.6 
3 14 40.1 +14 42.8 29 22.9 :i 53 44.3 19.5 21 '09 03.8 
4 23 07.8 +14 42.8 37 50.6 4 21 19 03.4 19.5 34 22.9 
5 30 28.4 +14 42.8 45 11.2 
6 

I 
39 29.3 +14 42.9 54 12.2 Oct. 20th. 7 56 59.7 +14 42.9 21 11 42.6 

8 21 04 32.3 +14 43.0 19 15-3 
9 11 05.0 +14 43.0 25 48.0 1 20 49 51.3 +15 56.1 21 05 47.4 

10 19 01.2 +14 43.0 33 44.2 2 59 55.7 56.1 15 51.R 
3 21 20 24.1 56.2 36 20.3 

Oct. 12th. 4 29 14.6 56.2 45 10.8 
5 35 oo.o 56.3 50 56.3 

1 20 17 16.3 +15 10:9 20 32 27.21 6' 41 13.~ 56.3 57 09.5 
2 28 16.9 10.9 43 . 27.8 7 47 34.8 56.3 22 03 31.1 
3 34 35.7 10.9 49 46.6 8 54 17.4 56.3 10 13.'7 

APPARENT PLACES OF POLARIS. 

Date. a Cos<p tano 

---------------------------t-------- ------
h m 

Oct. 4 ....••..•.••••......... ·• ~ ·• 1 1'6 1. 59 
Oct. 6 .•...........•........ ; . . . 2. 21 
Oct. 12......... •• . . .. . . .. • • . . . . 3.25 
Oct. 14..... •. • • •. . . . . . . . . . . • . . • . 3.23 
Oct. 20..................... •. • • 3.58 

88 40 28.24 
28.94 
31.34. 
32.14 
34.26 

31.81056 
3i.81523 
31.83124 
31.83659 
31.85075 

•' See Field Record Book, where the means are worked out for each set. 
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She1·1·ill Mmmd, Dubuque County, Iowa, 1880. 

HOUR ANGLES OF POLARIS AT THE MIDDLE TIMES OF OBSERVATION FOH EACH 

SE•r FOR AZIMUTH. 

Date. Siderial Time. 
t 

a 
(Polaris.) 

'(a:-t) 
Hour Angle 
of Polaris. 

----------- --- ---·-- ------ ----
1880. 

October 4; .............•.... 
October 4 •••.•••••••..••..••. 
Octobe·r 6 .•..•••. ~ .....•..•. 
October 6 ......•...•...•.... 
October 6 ................... 

1 

October 6 ......•.•••.••..... 
October 6 .....•...••.•..... 
October 6. , ................ . 
October 6 .•..•••..••.••••••• 
October 6 ..•.•• •· •.•..•.•••. 
October 6 ..........•..... 
October 6 ....•.•. · ...•••..••. 

October 12 ...•••...•...•.... 
October 12 ...•••.•....•..... 
October 12 ....•.•........... 
October 12 .•..•............. 
October 12 ...••...••........ 
October 12 ................•. 

October 14 .......•.•••••.... 
Oct.ober 14 .............•.... 
October 14 ...........••..... 
October 14 ................. . 

October ~0 .•.•••.•••.••••••. 
October 20. : ............... . 
October 20 ....•..•.•..••.... 
October 20 ....••...•.••...•. 
October 20 .....•. : . ........ . 
October 20 ...•............. 
October 20 ...•••..••.•••.••. 
October 20 .....•.......•.•.. 

h 
1 1 20 
2 2 
1 3 
2 4 
3 5 
4 6 
5 7 
6 8 
7 9 21 
8 10 
g 11 

28 5{s 
47 32.0 
11 17.4 
20 40.9 
29 22.9 
37 50.6 
4.J 11.2 
54 12.2 
11 42.6 
19 15.3 
25 48.0 
33 44.2 . 

h m a 
1 16 01.6 
1 16 01.6 
1 16 02.21 
1 16 02 21 
1 16 02.21 
1 16 02.21 
1 16 02.21 
1 16 02.21 
1 16 02.21 
1 16 0~.21 
1 16 02.21 
1 16 02.21 10 ,_12 

1 13 20 32 27.2 1 16 
27.8 1 16 
46.6 1 16 
31.9 1 16 
03.4 1 16 
11.7 1 16 

3.25 
3.25 
3.25 
3.25 
3.25 
3.25 

2 14 43 
3 15 49 
4 16 57 
[> 17 21 34 
6 ,18 41 

h m a 
4 47 03.8 
4 28 29.6 
5 04 44.8 
4 55 21.3 
4 46 X9.3 
4 38 :)9.6 
4 30 51.0 
4 21 50.0 
4 04 19.6 
3 [l6 46.9 
3 50 14.2 
3 42 1tLO 

4 43 36.1 
32 35.5 
26 16.7 

4 18 31.4 
3 41 59.9 

34 51.6 

1 19 20 47 12.3 1 16 
2 20 58 13.6 1 16 
3 21 . 21 09 0:).811 16 
4 22 34 22.9 1 16 

3.21 14 28 50.9 
3.23 4 17 49.6 
3.23 4 06 fJ9.4 
3.23 3 41 40.3 

1 28 21 05 47.4 1 16 
2 24 15 51.8 1 16 
3 25 36 20. 3 1 16 
4 26 45 10.8 1 16 
5' 27 50 56.3 1 16 
6 28 57 09.5 1 16 
7 29 22 03 31.1 1 16 
8 30 10 13.7 1 16 

3.58 4 10 16.2 
3.58 .4 00 u.s 
3.58 3 39 43.3 
3.58 3 30 b2.R 
3. 58 3 25 37 . 3 
3.58 3 18 54.1 
3.58 3 12 32.5 
3.58 3 05 49.9 
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Shen·ill Mound, Dubuque County, Iowa, 1880- cOntinued. 

LOGARITH~rs OF 'l'HE Houn ANGLE FuNcTIONs. HouR ANGLES REDUCED TO Anc. 

r. r. Siner. Cos r. Tang A. A. 

---·-- ----. Loga-Oct .. 4th. 0 , . Logarithms. Logarithms. P43'. rithms. w 

·- 4 47 3.8 71 45 57.0 9.9776256 9.49.541 8'.4779560 17.989 
4 28. 29.6 67 7 24.0 9.9644218 9.58967 8.4654582 22.~6~ 

Oct. 6th. 

5' 4 44.8 76 11 12.0 9.9872544 9.37796 8.4868313 ' 25.868 
4 55 21.3 73 50 19.5 9.982489:1 9.44458 8.4824339 22.180 

46 39.3 71 39 49.5 9.9778699 9.49775 8.4776515 13.641 
38 11.6 69 32 54.0 9.9717244 9.54234 8.47~3.~01 58.260 
30 51.0 67 42 45.0 9.9662790 9.57893 8.46716~6 45.933 
21 50.0 63 27 30.0 9.95'8788 9.61842 8.4600989 8.447 

4 4 19.6' 61 4 54.0 9 94:31618 9.6~445 8.444018:2 32.333 
3' 56 46 9 59 11 43.5 9.9309522 9.70936 8.4360754 48.500 

50 14.2 57 33 33';0 9.9263146 9. 729.51 8.4286649 13.321 
3 42 18.0 55 34 30.0 9.9163839 9.75230 8.4190044 11.652 

Oct. 12.th. 

4 43 36.1 70 54 1.5 9.9754094 9.51483 8.4705885 44.307 
32 35.5· 68 8. 52.5 9.9676172 9.57079 8.468~151 60.594 
26 16.7 66 34 10.!) 9.9626268 9.59948 8.4634613 54.653 

4 18 31.4 I 64 37 fil.O 9.9559.599 9.63190 8.4570817 27.287 
3 41 59.9 55 29 58.5 9.9159915 9.75313 8.4184010 4.141 
3 34 51.6 53 4~ 54.0 9.9063799 3.77218 8.4090:269 8.796 

Oct. 14th. 

4 28 50.9 67 12 43.5 9.96!7049 . 9.5880713 8.4653698 21.040 
17 49.6 64: 27 24.0 9.955B314 9.6346723 8.4564050 18.094 

4 6 59.4 61 44 51.0 9.9449118 9.6751898 8.4463786 3.558 
3 41 40.3 55 25 4.5 9.9155655 9.7540319 8.4179121 58.064 

Oct. 20th. 

4 10 16.2 62 34 3.0 9.9481949 9.6634213 s·. 4i93487 1. 43.089 
4 00 11.8 60 2 57.0 * *· * 
i3 39 4'L3 54 55 9.5 9.9129948 9.7593436 8.4152113 24.614 

30 52.8 52 43 12.0 9.9007411 9.7822653 8.4032485 58.924 
25 7.3 51 16 49.5 9.8!:)22153 9. 7962:)38 8.3949080 19.693 
18 54.1 49 4;) 3!.51 9.8824990 9.8105359 8.3850877 28.728 
12 3~.5 48 8 7.5 9.8719955 9.824:)682 8.3750800 31.293 

3 5 49.9 46 27 28.5 9.8602593 9.838i481 1 8.3635453 23.138 

*Rejected. Errors made in recording. 
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Sherrillll~ound, Dubuque County, Iowa, 1880- continued . 

. DEDUCTION OF FINAL AziMUTH AT SHERRILl~ MouND, FROli SEPARATE MEANS. 

Date. 

1880. 
Oct. 
Oct. 
Oct. 
0 
0 

ct. 
ct. 

Oct. 
Oct. 
0 
0 

ct. 
ct. 

Oct. 
0 
0 

ct. 
ct. 

4. 
4. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 

Oct. 12. 
Oct. 12. 
Oct. 12. 
Oct. 12. 
Oct. 12. 
Oct. 12. 
Oct. 14. 
Oct. 14. 
Oct. 14. 
Oct. 14. 
Oct. 20. 
Oct. 20. 
Oct. 20. 
Oct. 20. 
Oct. 20. 
Oct. 20. 
Oct. 20. 

Azimuth of 
Star. 

0 , a 

181 43 17.98 
181 40 22.27 

45 25.87 
.44 22.18 
43 13.64 
41 58.26 
40 45.93 
3 98.45 

35 32.33 
33 48.50 
32 13.32 
30 11.(i5 
42 44.!)1 
41 00.59 
39 54.65 
38 27.29 
30 04.14 
2 1)8.80 

40 21.04 
38 18.09 
36 03.56 
29 58.06 
36 43.09 
29 24.62 
26 58.92 
25 19.69 
23 28.73 
21 m.29 

181 19 23.14 

Corrections. Angle. !Azimuth mark. b. 6.2 

---------------- -- ·--
0 , a , , . 

-1.34 +5.20 -349 42 3.75 192 01 18.09 0.43 0.185 
.95 +5.20 10 20 48.75 15.27 2.39 5. 712 
.37 +5.20 -349 44 16.50 14.20 3.46 11.972 
.27 +5.20 10 16 50.63 17.74 0.08 0.006 
.26 +5.20 -349 41 57.38 21.20 3.04 12.532 
.22 +5.20 10 19 16.13 19.37 1.71 2.924 
.16 +5.20 -349 39 27.75 * * * 
.22 +5.20 10 22 6.75 20.18 2.52 6.350 
.21 -5.20 -349 34: . 8.2.5 18.671 !.01 1.020 
.14 -5 .. 20· 10 27 3o.75 19.21 2.25 5.063 
.17 -5.20 -349 30 47.25 20.70 3.04 ·9.242 
.13 -5.20 10 31 9.38 15.70 1 .. 96 . 3.842 
.19 -5.20 -349 41 16.13 "' * * .14 -5.20 10 20 19.50 14.75 2.91 8.46B 
.18 +5.20 -349 38 39.00 20.67 3.01 9.060 
17 +5.20 10 22 4.5.00 17.32 0.04 0.116 

.12 +·5.20 -349 28 52.50 16.72 0.94 0.884 

.15 +5.20 10 33 4.88 18.73 1.07 1.14[1 

.,20 -5.20 -349 38 58.88 16.76 0.90 8.10 
.. 26 -5.20 10 23 02.63 15.26 2.40 5.760 
.25 -5.20 -349 34 35.25 * * * .18 -5.20 10 31 25.13 17.81 0.1.5 0.023 
.21 -5.20 -849 35 16.88 20.80 3.14 9.860 
.15 -5.20 l.50 17.77 0 .. 11 0.012 
.10 -5.20' 24.38 18.00 0.04 0.116 
.11 -5.20 58.50 15.88 1.78 3.168 
.13 -5.~0 49.88 * * * .13 +5.20 20.63 15.73 1.93 3.72!) 

-.12 +5.20 46 13 14.35 3.31 10.956 
... 

Mean ,192o 1' 17."66 .•••...................•..........•...•............. 112.951 
;s b. 2= 112.951. 
Final Azimuth .... 192° 1' 17" .66+ .31 == 192° 1' 17" .97 ± .30. Probable error of 0". 3 

* Rejected by Peirce's criterion. 
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(8) Latitudes and Longitudes are determined for the principal sta­
tions astronomical1y, and all others are computed from them. In· 
fact the computations ·of the triangle sides are followed by what ar~ 
technical1y termed the L. M. Z. ·computations, viz.: the computations 
for LatitJtde, Longitude and Azim~tth, that of some starting point 
being known. Azimnths of lines are reckon~ in Geodesy from the 
South point round by West and North through 360 degrees, and the 
forward and back Azimuths are different on account of the gradual 
convergence of the meridians towards the poles. That is t.o say, if two 
stations, .A. and B; say 20 miles apart, are respectively northeast and 
southwest, then the angle me-asured at the point A from the south point 
westward to the line AB will not be exactly 180° less than the angle 
measured at B westward an~ around to the same line BA (as it would 
be were the north and south lines at A and B, respectively, parallel 
lines). As a mere example of this form of computation I append the 
following copy of the computation of the .Az_imuth of the line Mt. 
Pleasant and Union.· It will be seen that whereas the azimuth of 
this line as measured at Mt. Pleasant is 244° 55' 13".71, the azimut~ 
of the same line at Union is not exactly 180° less than this, but is on the· 
contrary 65° 07' 02".21, the distance between the two stations being 
.26195~3 met1:es. · 
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L. M. Z. 11! 6.f!. 
I 

ExAMPLE OF THE CoMPUTATION OF THE GEODE'rrc AziMUTH OF THE LINE UNION 
(rN RocK CouN'rY) TO MT. PLEASANT (IN GREEN CouNTY); THE PosrrrdN OF 
MT. PLEASANT BEING KNOWN. 

Z ... ~.......... Monnt Pleasant to Fitchburg......... 188 47 27.45 
L.............. Fitchburg-and-Union................ +56 07 46.26 

-------z . .. . . .. .. .. .. . Mt. Pleasant to Union. . .. . .. .. .. . • .. 244 55 13. 71 
dZ ........................................... · ............ .-..... +11 48.50 

----"--·-------- -----------
180° .•............................................•......................... 
Z' .. . . .. .. .. .. . Union to Mt. Pleasant ........ :..... 65 · 07 02.21 

NOTE.-Z denotes a forward azimuth; Z' a back azimuth; L an angle. 

0 I n 0 I , 
L ..... 42 41 30.246 Mt. Pleasant. :M 89 29 45.737 
dL .... ······ +5 58.515 ~6195.3 Met's dM ...... -17 23.922 

------- ------
L' .... 42 47 ~ 28.761 Union ....... M' 89 12 21.815 

NOTE.- Lis the given latitude; M the given longitude; L' and l\1:' the reqllired ones. 

K ...... 4.41822321 K2 8.83645 ......... ·········· h 2.5561 
Cos z ... :9.6272386 Sin2 Z 9.91399 (oL)2 5.1122 K2 sin2 Z 8.7504 
B ····· 8.5106448' c 1.36921 D 2.3917 E 6.1617 

----- --- --
h ...... 2.5561066 ············· 0.1196!) .......... 7.5039 ········ 7.4682 
1st term. -359.808 3d term. +0.003 ·········· .......... ·······. . ..... 2d term. + 1.317 4th term. -0.003 .......... ·········· ········ ...... 
........ -358.838 ............. ········· ... . . ......... ········ ...... 
3d& 4th t +0.006 ............. ... . ... A' 8.5090472 Arg. . ..... 
-dL ... -358.515 dM 3.018668 K 4.4182232 K - 2 ...... 42' 44° 29.5" Sin A. 9.801673 SinZ 9.95699U dMu +19 

--
%dL ... ........... Cos %d L,ar.co 0.000000 Cos L' ar.co 0.1344029 . ....... ...... 

--- ---........ ........... ············· 2.850341 .......... 3.0186681 Corr. + 7 --, a 

. . . . . . . . ........... -dZ -708.5 dM -1043.922 ........ ....... 

NoTE.-K is the distance of the two stations; ABC DE are quantities depending 
on the figure of the earth. 
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PosiTION OF UNION !:l. 'N STATION AS DETERMiNED FROM THE OTHER ExTREM· 

ITY OF THE LINE FITCHBURG- MT. PLEASANT, THE POSITION OF FITCHBURG 

.BEING KNOWN. 

Z . . • • • . • . . • • • • . Fitch burgh to Mf. ~leasBnt ............ I 8 49 55. 7 4 
L. ......... ~.... lVIt. Pleltsant and Umon..... •. . • •• • • . -50 48 11.58 

-------· 
Z .............. Fitchburg to Union ..... ~....... •. • .. 318 . 01 44.16 
d z............. . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . +9 22.00 

-,--------------------- ---
1800 ......••.••.......•...........•••.•••.•.•..••.••..••......•••........... 
Z'......... .. . . Union to Fitchburg ...... ·............. 138 11 06.16 

I . , 
L ..... 42 58 
dL • .,:.:.:.:.:..: -:-11 

---
L' .... 42 · 47 

K.. . . • . 4.4481665 
' Cos z... 9.8712708 

B...... 8.510_6237 

11 

4.5.769 
17.017 
---

28.752 

0 I . 
Fitchburg-.... M 89 26 07.637 
28065.10 Met's dM ...... -13 45.816 

Union ....... M' 89 12 21.821 

I 
8.89633.......... . • • • .. . . .. h 2.8301 
9.65053 (o1)2 5.6601 K 2 sin2 Z 8.5469 
1.~7344 D 2.3921 E . 6.1680 

h....... 2.8SQ0610............. 9.?2031 ........ .. 8.0522....... 7.5450 

1st term. 
2d term. 

+676.178 
0.832 

3d term."· +0.011 
4th term. +0.004 

sd &4th t ! 677
: ~6~ : : : : : : :. : :: : : : : : : : : : : : : , .... A'. . . . . 8:56964 72 ... A.r[i ... : ~ : : : : 

-d L... +677.017 d M I 2.916883 K 4.448166.5 . K -14 
A. ....... 42~ 53' 07.3 Sin A. 9. 802850 Sin Z 9. 8252671 dMu + 11 

%d.L .............. Cos.72'dLar.co 0.000001 CosL' ar.co 0.1344029 .• .... . . - 3 

...... : . ........................ 2. 749734 .......... 2.9168834 Corr. 

-d z · -562. ~oo aM -825."816 ............. . 

,y 

The two results for Latitude and Longitude of Union will be seen 
to be almost exactly" the- same, as estimated from two points which 
are 32335.6 metres apart. 
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(9) Dnring those times of the day when the atmosphere is most steady, 
measurements are made for differences of heights of the trigonomet­
rical stations. These are determined by zenith distances, measured 
with a 10-inch Vertical Circle (separate from the Horizontal Theodo­
lite), and carefully corrected for level, height of poles and telescope 
above the ground, and comp.ut.ed-generally by the formula: 

where 

h-h' K Sin Yz(Z'-Z) 
CosYzlZ'-Z+C) 

C=angle subtended at center of the earth by the distance K between the stations. 
R=radius of curvature of the arc joining the stations. · 
h, h' =heights of stations above sea level. 
Z Z'=measured and corrected zenith distances respectively. 

K 
C=R Sin 1" 

The following example of the computation of the difference of 
height between Blue J\IIonnd and Platte Mound may not be uninter­
esting: 

·Log. K=4. 73115. 
Z'=90° 17' 51.5" zenith distance observed at Blue Mound on Platte Mound. 
Z =90° 06' 57 .6" zenith distance observed at Platte Mounu on Blue Mound. 

Middle latitude, 42o 54'. 
Angle, 56° 57'. 

Log. K. 4. 73115 
Table 8. 50958 

Log. C 3.24073 
c = 1740. "6 

= 29' 00. "6 

,, 
Z'-Z 10 53.9 
Yz(Z'-Z) 5 26.95 
Yz(Z' -Z +C) 19 57.25 

Log. K. 4. 73115 
Sin. 7.20005 
Ar. Co. Cos. 0.00001 

1.93121 = 85.35 
Blue Mound tt·iangulation ground above Platte Mound, 85.35 metres 1=280.0248 

feet. 

Some of the most valuable results of the survey-thus far have been 
these determinations of the relative heights of such prominent points 
as Blue Mound, Platte Mound, Quarry Blnff, Highland, etc.; and 
by reference to the base line on the Wisconsin river (the height of 
which. above tl1e level of the sea has been estimated at 725 feet), the 
height of these points above the level of the sea also is dete1·mined. 

For Blue Mound we have: 
Feet. 

East Base above sea level . o •••••••• o ••••••••••••• ~ • • • • • • • • • • 723.97 
Quarry Bluff above East Base............................... 372.02 

Quarry Bluff above level of the sea .• ; ....... 0 • • • • • • • .. • • • • • 1095.99 
Blue Mound above Quarry Bluff............................. 629.21 

Blue Mound above level of the sea . .. • • • . • .. . • • • . . • • . • • • . . . . 1725.20 

1 (To convert metres into feet, multiply by 3. 2809.) 
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Platte Monnd is found to be 280.02 feet lower than Blue Mound, 
making its height above the sea level 1445.18 feet. 

'The height of Qnarry Bluff is the avemge height of all the Wis­
consin river bluffs above Prairie du Chien, as far as the great Devil's. 
Lake Range, and East Base is but a few feet above the level of the 
Wisconsin river at the old Helena Ferry, near Spring Green. 

The accompanying maps will show the work already done (up to 
date of maps), and the fnll scheme of reconnaissance as laid out in 
1874. It is greatly to be hoped th~t. nothing will interfere with the. 
measnrement of a second base-line and the comuletion of the work 
as originally marked out. 

Yours respectfully, 
JOliN E. DAVIES, 

Prof. oj P hysies in the University of W iseonsin, 
and Chief o.f Geodetio Survey in· Wisconsin. 

,. 



APP·ENDIX. 

ACCOUNT OF THE MEASUREMENT AND RESULTING 
LENGTH OF THE SECONDAHY BASE- LINE NEAR 

. SPRING GREEN, SAUK COUNTY, WISCONSIN, IN 1878. 

·[A report made by the Chief of the Computing Division of the United States Coast and Geodetic 
Survey to the Assistant in Charge of the U. S. C. and G. Survey Office.] · 

CoMPUTING DiviSION C. & G. S., March 7, 1879. 
"The base-line measured near Spring Green, Sauk county, Wiscon­

sin, in 1878, had for its immediate object to supply the ne~ded length 
to the sides of that part of· the triangulation of Wisconsin which 
follows the com·se of the Wisconsin river. 

"A preliminary measure was made under the direction of R. D. 
Cutts, assistant C. & G. S., in the summer of 1875, and after the line 
had been fully gt·aded, this was repeated under the direction of Dr. 
J. E. Davies, acting assistant C. & G. S., on July 7 and 8, 1875. 
Both measures were made with a 60 metre steel wire, kept ~nder a 
constant strain of 30 pounds. The final measure with the subsidiary 
base apparatus was made in June, 1878, by Dr. Davies, of the U ni­
versity of Wisconsin, and party. 

"The site of the base is a level, sandy prairie, bordering the Wis­
consin river and upon its northerri shore; it is intersected at·two 
points by wooded sand-dunes and hollows, and passes for about one­
eighth of a mile over cultivated fields: Some sand ridges had to be 
graded, which, varying in height from 6 to 15 feet, crossed the line 
almost at right angles; by· means, of scrapers, the inclination of the 
line was reduced to about 2°.0 wi~h som.e exceptions, the maximum 
being 3° 36'. The Milwaukee and Prairie du Chien railroad passes 
within a few metres of "the west end of the base. The ends of th~ 
line are marked _by substantial monuments, set up in 18'75. 'fhe azi­
muth of the base at east end is about 115-§-0

, and its length about 
4.68 klm., or about 2.91 st. miles; it was measured with the 4 metre 
contact-slide rods, Nos. 9 and 10.1 'rhe_se rods were compared with a 

1 'The secondary base apparatus is described and figured in Coast Survey Reports for 
1856 and 1857, appendix No. 45, reprinted with amendment in 1876. 
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standard rod at Wnshington, D. C., before and after the base measnre. 
The line was subdivided into nine sections, t.he ends of which were 
marked by a copper tack driven into the top of a pine stub. A sec­
tion was -generally measured in the forenoon, and remeasured in the 
opposite direction in the afternoon. 'l'he whole line was gone over a 
third time and sections one and two were measured four times, thus 
affording ample means of ascertaining the probable error of meas­
urement. The work was ·begun at east base J nne 4, 1878, under the 
direction of Assistant Cutts; after this Dr. Davies took charge of the 
work and completed it June 24t.h. 

H During this time the highest temperature of rods recorded was 
104° Faht. Special attention was paid by Dr. Davies to secure the 
greatest stability to the trestles, upon which the accuracy of the oper­
ation mainly depends. The whole number of working days was 15. 

"A li~1e of levels was carried· from east base to west base (also to 
station Qnarry Bluff), and connected at the railroad bridge over the 
Wisconsin river, with the line of railmad levels from Spring Green 
to Lake Michigan. 

"D. J. Whittemore, Chief Engineer C., M. and St. P. R'y, infoi·ms 
Dr. Davies that the height of the grade (~·ails) at west end of bridge 
is 138.5 ft.± 1 ft. ·above the level of Lake Michigan, as it was in 
1837,- which is the datum level for Milwaukee. We have conse­
quently: 

"Top of monument at east base above Lake Michigan (1~37)== · 
134.82 ft. 

"Top of monument at west base above Lake Michigan (1873)== 
136.09 ft., and at Quarry Bluff' triangulation station =505.49 ft. Ac­
cording to J. T. Gardner 1 the mean elevation of the lake .may be 
taken=589.15 ft., hence the average elevation of the base-line above 
the ocean, with the consideration that the rods were a little higher 
nbove the surface of the ground than the tops of the monuments,. 
may be closely estimated at 725 feet, or 221 metres." 

''Determination of length of 4. metre con tact-slide rods Nos. 9 

and 10. 
''These rods were·agate capped. Pending the determination of cer­

tain coefficients of expansion referred to in my report of January 
10, 1879, I shalf for the present assume such values and probable 
errors as app~ar tp, me, moAt snitable·.2 

1 The elevations ~f certain datum points on the Great Lakes, rivers, etc., U. S. Geo-· 
logical Survey of the Territories, F. V. Hayden, 'Vashington, 1875. 

2 This happens to be the same height as the Lebanon base in Tennessee. 
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"Comparisons with standard iron rod Nc. 1, May 13, 1878, by J. 
Clark: Taking the length of the standard at 0°C=3.9998068± 100; 
resulting from comparisons made by H. W. Blair, February 27-28, 
1877, and assuming the coefficient of expansion of the iron standard 
for Fahrenheit scale=0.00000641 ± 10, and that of the steel rods 
Nos. 9 and 10=0.0000061 ± 1, we find after applying index correc­
tions to the thermometers: Rod No. 9=4 metres at 33.1 o Fahren­
heit; rod No. 10=4 metres at 31.6° Fahrenheit, with the probable 
error of ± 1.0° Fahrenheit. 

"Similarly we find from the co.mparisons of July 9 and 11, 1878, by 
J. Clark: Rod No. 9=4 metres at 31.7° Fahrenheit;· rod No. 10=4 
metres at 31.4 o Fahrenheit± 1.2°. The average values were used for 
the reduction of the base,. viz.: Rod No. 9=4 metres at 32.4° 
Fahrenheit±0.8° Fahrenheit; rod No. 10=4 metres at 31.5° Fahren­
heit±0.80 Fahrenheit. 

"The following table contains the resulting lengths for each section 
of the line and of each measure of a section, together with the re­
sulting length of the base. It was taken from the office computation 
by Mr. M. H. Doolittle, who had collated his results with those 
given by the observer, Prof. Davies. 

1;, 
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RESULTING LENGTH OF THE SPRING GREEN BASE-LINE AND OF ITS SUBDIVISIONS. 

Sections. 

I......... 1 to 100 
1 to 100 

100 to 1 
100 to 1 

o mm. mm. mm. 
71.90 + 95.117 + 44.872 0 
63.36 74.298 32.556 4.00 
82.15 120.124 38.786 -36.00 
77.02 107.608 41.320 -21.40 

mm. mm. 
400.05025 0.o~ 

.04574 0.83 

.04539 1.18 

.04489 1.68 

Mean..... 73.61 400.04657 

II ..•..... 101 to 220 
101 to 220 
220 to 101 
220 to 101 

IIi . . . . . . . 221 to 322 
221 to 322 
022 to 221 

IV . .. .. .. 323 to 460 
323 to 460 
460 to 323 

V .•••• · ••. · 461 to 591 
461 to 591 
591 to 461 

VI....... 592 to 740 

VII ...... 

· 592 to 740 
740 to 592 

741 to 900 
741 to 900 
900 to 741 

71.77 +113.775 - 38.144 0 
83.49 148.070 46.444 -22.30 
96.80 187 .o~n 43.752 -75.60 
72.41 115.6;)3 54.716 +14.10 
-- I 

81.12 

66.91 + 84.619 - 29.988 0 
84.46 128.275 :-17.812 -31.70 
79.11 114.976 28.012 -29.00 

76.83 

90.12 +19~.574 - 69.628 0 
77.86 151.34:J 42.496 +10.20 
83.4tl 169.964 64.376 +11.10 

8:3.79 

76.96 +140.754 - 73.736 . 0 
68.46 113.608 64.476 +17.50 
90.41 183.741 59.576 -61.10 

78.61 

80.97 +174.638 -107.652 0 
72.73 144.712 96.976 + 9.50 
90.42 208.961 IV>-032 -35.60 

81.37 

--------
48(). 07 563 1. ~2 

.07933 4.92 

.06768 6. n 

.07502 o. 61 

480.07441 ----------
408. 05463 2. 49 

.05876 1.64 

.0.5796 0.84 

408.05712 
=="==-

552 .1229~ 3. 39 
.11905 0.-51 
11669 2.87 

552.11956 

524. 06702 1 . 4G 
.06663 1.06 
.06:)06 2.51 

524.06557 

596. 06699 5 .4 7 
.05724 4. ~8 
.06033 1.19 

596.06152 --------
83.21 + 196.264 -119.468 0 640.07680 0.91 

2.69 
3.59 

95.65 244.818 103.492 
92.51 232.551 107.412 

-62.75 .07858 
-52.85 .07230 

90.46 1 640.07589 

1 Mean correction, -0. 0 95 F. Line, Sections I to IX: ...•••..•...... 4,676.64818. 
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RESULTING LENGTH OF THE SPRING GREEN BABE-LINE AND OF ITS Sun· 
DIVISIONS- continued. 

Sections. 

I 
c:,) 
Q) 
rn 

'S 
·..s:l • 

~§ 
§~ 

H 
----1------ --- ----- ·---· -----·-- --
VIII.. . . . 901 to 1060 

901 to 1060 
1060 to 901 

IX.... • • . 1061 to 1169 
1061 to li69 
1169 to 1061 

o mm. mm. mm. 
76.74 +171.03~ -105.632 0 
89.87 222.259 109.604 -52.26 
85.04 203.407 116.612 -31.65 

83.98 

75.22 +112.526 
90 2:~ 152.42;) 
91.B4 155.379 

85~1 l 

- 27.332 0 
3.5.524 -23.75 
33. 668 -38 .40 

m. mm. 
640.06541 5. 09 

.06039 0.07 

.05515 5.17 

640.06032 
==='-== 

436.08519 2.03 
.09:315. 5.93 
.08331 3.91 

436.08722 

m. 
West Base in excess of end of bar 1169 ................... · ........... . +2.1863 

-0.1620 Reduction to sea-level .....••.......•..••.•••.................••.... 

Resulting length of. Spring Green base, in metres . . . • • . . . . . . . • . . . . . 4678.6725 
------

. The separate.results by each measure are as follows: 

FIRST MEASUHE SECOND MEASURE TnmD MEASURE 
FonwAim. BACKWARD. FORWARD. 

Sections. 
. Average Average Average 
tempera- Length. tempera- Length: tempera-

ture. ture. ture. 
--------·-------------

0 m. 0 m. 0 

I • ......... 71.90 400.0502 79.58 400.0451 63.36 
II 1 ........ 7177 480.0756 84.60 480.0793 83.49 
lLI ...•.... 66.91 408.0546 79.11 408.0588 84.46 
IV ....... ; 99.12 552.12BO 83.4.0 552.1190 77.86 
v ......... 76.96 524.0670 90.41 524.0666 68.46 
VI ...•.... t-10.97 596.0670 90.42 596.0572 73.70 
VIL ....... 8:).21 640.0768 92.51 

I 
640.0723 9.).65 

VIII ....... 76.74 640.0654 85.04 640.0551 ~9.87 
IX ........ 75.22 4.06.0852 91.34 436.0833 90.23 

, oF. m. 
First measure, forward ..... Average temperature, 77.1; length, 4676.665 
Second measure, backward .• Average temperature, 86.3; length, . 737 
Third measure, forward ....• Average temperature, 80. 7; length, .647 

' All measures .•....•..••.......• · .•.•.•••..•• 81.8 
Index correction .......•................... -1.0 

4676.648 
metres. 

Length. 

m. 
400.0457 
480.0713 
408.u580 
55~.1167 
524.0631 
596.0603 
640.0786 
640.0604 
436.0931 

m ~. 

0.017 
0.011 
0.001 

1 In the first and second section the mean of the firat and fourth measurementfl has 
been introduced, hence certain small di:~crepancies between 1st and 2d table. 

VoL. IV -4~ 
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"The average temperatures during the measures was 80~.8, and an 
examination of the results show them not to depend upon the temper­
ature, whether high or l9w, from which we may conclude that the 
temperature corrections are well founded. There is no decided differ­
ence in the results deduced from the forward and backwa1·d measut·es; 
this might have been expected from the nearly equal height of the 
base termini. 

DETERMINATION OF THE ACCURACY OF THE MEASURED LENGTH. 

"The probable error of the base measure depends first upon the prob­
able error of the rods, and second upon the probable error of measure. 
To estimate the first part, we have ~t the temperature of comparison of 
rods with standard May 13, 1878, the probable error for each ± 19 .. 2 mi-

l crons, and at the temperature of comparisons July 9 and 11, 1878, the 
probable error for each ±21.6 microns; at the mean temperature of 
comparison 75°.4 ·F. the length of a rod was subject to ± 14.5 mi­
crons, and consequently at the mean temperature of measure, 80°.8 
F., it was subject to ± 14.5 ± 2.2= ± 14.7. Hence probable .error of 
base from this source ± 14.7 times 1169 = ± 17mm.184. . The errors 
introduced by the measurement proper are found from the discrep- . 
ancies given in the last column of the first table. We have probable 

error ~f a section · /.455 ~ Ll~ where n ·=·number of measures, hence · · 'V n(n-1) c 

probable error of line ·I .455 [~ L1
2

J. = ± 4mm.456 and by combina-
V [n(n-l)J · 

'tion, probable error of the base-line± 17.184 ± 4. 456 = ± 17mm.75, or 
a little ov~r -i of an ineh. In parts of the length of the base it eqnals 
± n-a]OOT, which fraction compares favorably with the degree of accu­
racy needed for principal triangulation. It appears plainly that the 
error arising from uncertainty in length of the measuring rods is the 

prinoipal one, that due to the measurement proper. being very small, 
in the present case, only 4.456 ¥3= ±1mm.12, or oolfooo- of the length 

for a single measure. 
''This last fraction shows the capacity of the subsidiary apparatus 

for accuracy in a conspicuous way. 
"We therefore have for the resulting length of the Spring Green 

Base of Wisconsin the value 4678m.6725 ± om.o.178 and its logarithm 
3.6701226 ± ·.0000017." 

Respectfully submitted, 
[Signed] · CHAS. A. ScnoTT. 
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Actinoceras Beloitense, 226. 
Aglaspis Barrandi, 19~. 
Aglaspis Eatoni, 192. 
Agraulos (Bathyurns ?) Woosteri, 189. 
Alveolites irregularis, 251. 
Ambonychia attenuata, 206 
Ambonychia lamellosa, 205. 
Ambcmychia ne,qlenta,· 292. 
Amphicrelif:t Leidyi, 292. 
Amphicrelia neglecta, 292. 
Amolf::xus anriulatus, i:\14. 
Amplexus fenestratus, 278. 
Arenicolites Woodi, 177. 
Arionel'lus convexus, 190. 
Arionellus (Agraulos) convexus, 190. 
Asaphus Susre, 236. 
Asaphus triangularis, 237. 
Astrea mamillaris, 276. 
Astrocerium venustum, 270. 
Athyris (Pentamer-as) trisinuatus, 291. 
Atrypa capax, ~6:t 
Atrypa hystrix, ~33. 
Atr1Jpa inc1·ebescens, 263. 
Atrypa nucleolata, 321. 
Atrypa reticularis, ~33. 
Atrypa spinosa, ::::~3. 
Bathyurus capax, 202, 203. 
Bathyurus W oosteri, 189. 
Bellerophon antiquatus, 176. 
Bdlerophon Wisconsensis, 223. 
Bronteus acamas, 311. 
Bronteus Laphn.mi, 310. 
Bt·onteus ocassus, 311. 
Bucania bidorsata, 223. 
Bucania (Tremanotus ?) Buelli 224. 
Bucania expansa; 2~4. 
Bucania profunda, 224. 
Bucania sulcatina·, 225. 
Buff limestone, see Trenton. 
CALLOPOHA, 255. 
CAMEROCEUAS, 228. 
Cameroceras subannulatum, 230.· 
Caryocrinus globosus, 280. 
Caryocrinus ,qfanztlatus, 280. 
Caryocrini:Is hexa,qo"nus, 280. 
Caryocrinus insculptus, 280. 
Caryocrinus loricatus, 280. 
Caryocrinus mecanoides, 280. 
Caryocl'inus ornalus, 280. 
Catenopom escharoides, 241. 
Cerionites dactyloides, ~67. 
Chretetes fusiformis, 248. 

Chretetes lycoperdon, 256. 
Chcetetls Ottoni, 251. 
Chretetes quadrangularis, 249. 
Chretetes quadrala, 249. 
Chretetes subpulchellus, 250. 
Chretetes tuberculatus, 250. 
Chonetes coronata., 327. 
Chonetes defiecta, expl. Pl. 25 
Clisospira curiosa,, 222. 
Clisospira occidentalis, 222. 
Clisospira infundibula, 222. 
Conocepha.lites calymenoicles, 179. 
Conocephalites di<tclematus, 182. 
Conocephalites (Ptychaspis ?) explanatus, 

181. 
Conocephalites? qua.dratus, 180. 
Cons tell aria (Stello:_Jora) antheloidea, 257. 
Constcllaria polystomella, 257. 
Coscinopora sulcata, 239. 
Crepicephalus? Gibbsi, 184. 
Crepicephalus onustus, 182. 
Ctenodonta Logani, 207. 
Ctanodonta nasuta-, 207. 
Cyathaxonia Wisconsensis, 277.' 
Cyclonema bilix, 212. 
Cyclonema percarinatum, 211. 
Oypricardites concentricus, 335. 
Cypricardites megambonu3, 209, 210. 
Cypricardites niota, 20B. 
Cypricardites oblong-us, 335. 
Cypricardites rotundatus, 208, 209. 
Cypricardites ventricosus, 209. 
C,tJthef·ea alta, 023. 
Cyrtina? aspera, 331. 
Cyrtina Hamiltonensis, expl. Pl. 25 
Cyrtoceras brevicorne, ROO. 
Cyrtoceras camurum, 231. 
Cyrtoceras infundibulum, 300. 
Cyrtoceras planoclorsatum, 231. 
Cyrtoceras rectum, ~19. 
CJSTOSTYLUS, 273. 
Cystostylus infundibulus, 274. 
Cystostylus typus, 274. 
Delthyris audacula, o29. 
DrKELLOCEPH.uus, 200. 
Dikellocephalus Bar~buensis, 201. 
Dikellocephalus Eatoni, 202. 
Dikellocephalus granulosus, 185. 
Dikellocephalus Lodensis, 188. 
Dikellocephalus Minnesotensis, 187, 203. 
Dikellocephalus Pcpinensis, 182, 188. 
DIP!-OCERAS, 228. 
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Discina humilis,' 32.5. 
Discina Lodensis, 32.5~ 
Discina marginalis, 325. 
Discoceras conoides, 299. 
Edmondia t•entricosct, 209. 
E:lipsocephalus eurtus, 191. 
Ellipsocephalus Hoffi, 191. 
ENDOCERAS, 228. . 
Endoceras annulatum, 230. 
Endoceras (Cameroceras) subannulatum, · 

230. 
Eucalyptocrinus atmosus, 284. 
Eucalyptocrinu~ cornutus, 285. 
Eucalyptocri_nus crassus, .286. 
EucalyptOcrinus excavatus, v~. of cor-

nutus, 286. 
Eucalyptocrinns rosaceus, 2$6. 
Eunema? pagoda, 218. 
Euoinphalus macrolineatus, 2'94. 
Euomphalus (Straparollus) Minnesotensis, 
'216. 

Euomphalns (Straparollus) mopsus, 297. 
Euniophalus Strongi, 200. 
Favosites occidens, 31:3. 
Fenest.ell01 granulosa, 252. 
Fenestella nervata, 253. 
Fistulipora le!)s, 256. 
Fistulipora rugosa, 255. 
Fistulipora solidissima, 255. 
Fossils of the Galena limestone, 239. 
Fossils of the Guelph limestone, 313. 
Fos~ils of the Haniilton group, 824. 
Fossils of the Hudson River group, 248. 
Fossils of the Lower Helderberg group, 

020. 
Fossils of the Lower Magnesian limestone, 

1.94. 
Fossils of the Niagara group, 267. 
Fossils of the Trenton group, 205. 
Fossils of the Potsdam sandstone, 169. 
Fusispira elongata, 245. 
Fusispira ventricosa, 245. 
Galena limestone, Fossils of, 239. 
Glyptaster brachiatus, 283. 
Glyptaster occidentalis, 281. 
Glyptocrinus arn'losus, 284. 
Glyptocrinils nobilis, 283. 
Gl.tfplocdnus siphonatus, 284. 
Gomphoceras breviposticum, ~39. 
Gomphoccras? fusiforme, 338. 
Guelph limestone, .Fossils of, 313. · 
Gyroceras duplicostatum,' 235. 
Halysites catenulatus, 241, 271. 
Halysites catenulatus, var. labyrinthicus, 

272. 
Halysites catenulatus, var. microporus, 

272. 
Hamilton group, Fossils of, 324. 
Hemipronites Americanus, 243. 
Holopea magniventra, 316. 
Holopea Sweeti, 174. 
HoLOPELLA, 217. 
Hudson river group, l!,ossils of, 248. 
Hyolithes Baconi, .225. 
Hyolithes prim~mlialis, 175. 
Illrenurus convexus, 203. 
Illrenurus quadratus, 204. 

Illrenus armat.us, 305. 
Illwnus Barriensis, H04. 
Illre'nus cuniculus, 308. 
Illrenus imperator, 306. 
Illrenus .insignis, 305. 
Illrenus Ioxus, 304. 
Illa;mus Madisonianus, 307. 
Illrenus orbcaudatus, 309. 
Illrenus ovitus, 238. 
Illrenus pteroacephalus, 309. 
Isom·ca Lo,qani, 207. 
Lampterocrinus inflatus, 284. 
Leda Barrisi, 3:)6. 
Leda nuculijo1·1nis, 336. 
Leiorhynchus Kellogi ?, 334. 
Leperditia alta, 323. 
Leptrena Ba.rabuensis, 171, 195. 
Leptrena melita, 172. 
Leptcena planoconvexum, 261. 
.Leptodomus neglectus, 292. 
Leptodomus undulatus, 293. ' 
Lln,qula antiqua, 169. 
Lingula Iowensis, 242. ~ · 
Lingula palreaformis, 324. 
Lingula pinnaformjs, 169. 
L:ngula. quadrata,. 242. 
Lingula spatiosa~ 324. 
Lingulella lowensis, 242. 
Lingulepis pinnaformis, 169. 
Lituites multicostatns, 303. 

1
Lower H~lderberg group, Fossils of, 320. 
Lower Magnesian limestone, Fossili of, 

194. ' 
Loxonema magna, 317. 
Lunulites dactyloides, 267. 
Maclurea acuminata, 246. 
Macllljea Big6byi, 222. 
Macltuea cuneata, 246. 
Maclurea Logani, 223. 
Maclurea magna, 223. 
Maclurea rotundata, 247. 
Maclurea subrotunda, 246. 
Megambonia ariculoidea, 322. 
Magnesian Limestone, Lowe:t; Fossils of~ 

194. 
Merista nucleolata, '321. 
Meristella, nucle,olata, 021. 
Metoptoma. Barabuensis, 195. 
Metoptoma nycteis, 196. 
Metoptoma. perovalis, 211. 
Metoptoma recurva, 196. 
Metoptoma retrorsa, 197. 
Metoptoma si!I!ilis, 196. 
Modiola concet~t1·ica, 335. 
Modiomorpha concentrica, 335. 
Monticulipora multituberculata., 250. 
Monticulipora? Ortoni, 251. 
Monticulipora punctata, 249. 
Monticulipora rectangularis, 249. 
Murchisonia bellicincta, 244. 
Mnrchiso·nia Uhamberlini, 317. 
Murchisonia gracilis?, 217. 
Mtwchisonia helicteres, 220. 
Murchisonia major, 244. 
Murchisonia (Eunema?) pagoda, 218. 
Murchisonia pe1·carinatct, 211. 
Murchisonia tricarinata, 219. 
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Murchisonia ventricosa, 218. 
Niagara Group, l!'ossils of, 267. 
Nucnla Houghtoni, 337. 
Nuculu lowensis, 387. 
Nucu.lites constt;icta, 335. 
Nucu.lites emarginata, 337. 
Omphyma sp. ? 279. 
Omphyma verrucosa, 279. 
Oncoceras abruptum, 233, 234. 
Oncoce1·as brevicurvatum, 234. 
Oncoceras constrictum, 233. 
Oncoceras mumiaforme, 232. 
Oncoceras panrlion, 233. 
Oohileta complanata, 173, 
Ophileta· (Raphistoma) :primordialis, 173. 
Orthis anomala, 243. 
Orthis Barabuensis, 171. 
Orthis callactis, 259. 
Orthis elegantula, 320. 
Orthis emacera.ta, 259. 
Orthis flabellum, 259. 
Otthis hemipronites, 243. 
Orthis hybrida, 321. 
Orthis impressa, 326. 
Orlhis Iowensis, 326. 
Orthis jugosa, 259. 
Orthis Macfarlaui, 326. 
Orthis multisecta, 259. 
Orthis oblata, 320. 
Orthis occidentali~. 260.-
0rthis pectinella, 259. 
Orthis Pepina, 170. 
Orthis sinuata, 260, 
Orthis subc<trina.ta, 320. 
Orthis subj ugata, 260. 
Orthis tP.studinaria, 258. 
Orthis Tulliensis, 326. 
Orthisina Verneuili, 243. 

, Orthoceras arinelum, 226. 
Orthoceras annulatum, 298. 
Orthoceras ( Actinoceras ?)· Beloitense, 226. 
Orthoceras Carltonen~e. 018 .. 
Orthoceras columnare, 318. 
Orthoceras fusiforme, 226. 
Orthoceras Laphami, 298. 
Orthoceras nodocostatum, 298. 
Orthoceras planoconvexum, 228. 
01·thoceras ttndulatum, 298. 
Orthoceras W a.uwatosense, 297. 
Palreacmrea Irvingi, 173. 
Palreacmrea typica, 173. 
Palreoneilo Bm·risi, 336. 
Palreoneilo constricta, 335. 
Palreoneilo emarginata, 337. 
Palreoneilo filosa, 338. 
Palreoneilo nuculiforme, 336. 
Palcearca ventricosa, 209. 
.l:'alreophycus plumosus, 169. 
Pasceolus? dactyloides, 267. 
Pentamerus bisinuatus, 288, 290. 
Pentamerus fornicatus, 292. 
Pentamerus oblongus, 288. 
Pentamerus occidentalis, 314. 
Pentamerus trisinuatus, 291. 
Pt!ntamerus ventricosus, 291. 
Phacops ra.na., 3:}9. 
Phragmoceras 'Hoyi, 300. 

Phragmoceras Hoyi, var compressum, 301. 
Phragmoceras labiatum, 302. , 
Phragmocera~ Nestor, 30l. 
Pleurotomaria? ad vena, 175. 
Pleurotomaria ambigua, 213. · 
Pleurotomaria Laphami, 296. 
Pleurotomaria lenticularis, 214. 
Plew·otoma1·ia Nasoni, 215. · 
Plemotoma.ria Ra.cinensis, 296. 
Pleurotomaria subconica, 216. 
Potsdam aandstone, Fossils of, 169. 
Pterinea aviculoidea, 322. 
Pter1~nea concentrica, 335. 
Pterinea neglecta, 292. 
Ptilodictya fmgilis, 253. 
Ptychaspis granulosa, 185, 186. 
Ptychitspis minuta, 186. 
Ptychaspis striata, 185, 186. 
Pugiuncu lus primordialis 175. 
Raphistoma lenticularis, 214. 
Raphistoma Nasoni, 215. 
Raphistoma Niagarensis, 295. 
Raphistoma (Ophileta) primordialis, 173. 
Receptaculites hemisphericus, 269. 
Receptaculites Owem, 239. 
Rhynchonella Anticostensis, 266. 
Rhynchonella capax, 263. 
Rhynchonella dentata, 266. 
Rhyncltonella. inct·ebescens, 263. 
Rhynchonella J anea, 266. 
Rhynchonella Neenah, 265. 
Rhynchonella perlamellosa, 265. 
Screvogyra, 19tl. 
Screvogyra elevata, 199. -
Screvogyra obliqua, 199. 
Screvogyra Swezeyi, 198. 
Scolithus linearis, 177. 
Sphrerexochus mirus, 311. 
Spbrerexocbus Romingeri, 311. 
Spirifera angusta, 329. 
Spirifera (Cyrtina) aspera, 331. 
Spirifera audacula, 329. 
Spirifem Clio, 332. 
Spirifera euritines, va.r. fornacula, 330. 
Spirifera med·ialis, 329. · 
Spirifera mucronata, H28. 
Spirifera pennata, 330. 
Spirifera plicatella, 2H7. 
Sptrifera radiata, 287. 
Sperifet·a? ziczac, 3::32. 
Spiriferina ( ziczac, 3:32. 
Stellopom antheloidea, 257. 
Straparollus (Ophileta.) primordialis, 173. 
Straparollus (~uomphalus) Minnesotensia, 

216. 
Slreptorhynchus cardinale, 261. 
Streptorbynchus planoconvexum, 261. 
Stictopora fragilis, 253 . 
Stricklandinia multilirata, 315. 
Stt·ombories mami{latus, 276. 
Strombodes pentagonus, 275. 
Strombodes str-iatu8, 275. 
Strophodonta demissa, 327. 
Strophodonta inequistriata, expl. Pl. 25. 
Strophomena coronata, 327. 
Strophomena demissa. 327. 
Strophomena Kingi, 261. 
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Strophomena planumbona, 263. 
Strophomena profunda, 262. 
Strophomena unicostata, 262. 
Strophomena. Wisconsensis, 263. 
Syringopora verticillata, 272. 
Syringopora infundibula, 274. 
'l'ellinomya nasuta, 207. 
Thalliops (Illamus) ovatus, 238. 
Theca primordialis, 175. 
Tremanotus? Buelli, 224. 
'l'rematopora annulifera, 254. 
Trematopora granulata, 253. 

Trematopora tuberculata, 250, 251. 
Trenton limestone, Fossils of, 205. 
Treplesia pri morclialis, 172. 
Trochonema ambiguum, 213. 
Trochonema Beachi, 213. 
Trochonema Beloit,ense, 212. 
Trochonema umbilicatum, 213. 
Trochus lenticularis, 214. 
Tubipora catenulata, 241. 
Tubulites, 177. 
Visicularia varilosa, 276. 
Zaphrentis Racinensis, 277. 
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.A. 
Academy of Sr.iences, Wis., 576. 
Adams Valley, 23. 
Adirondack Highlands, 535. 
Adits, how to drain them, 566. 
Adjustment of figures, 731. 

angle, 731. 
Adney lot, 448. 
Adrian, 15. 
Agaric mineral, 391. 
Agnostis ~~·a.lis, 117. 
Agraulos Woosteri, 122. 
Akan, 14. 

minE>, 75. 
Mr. R., 75. 

Alabandite. 391. 
Alluvium Epoch, 94, 96. 

section of, 96. 
Alma, 32. 
AltitucleR, see Elevations. 
Alston Moor, 50S. 

lead deposits, 369. 
Altered Diabase, Tabulated descriptions, 

658. 
Gabbro, 710. 

Alum, 394. 
American Association for the Advance­

rpent of Science, proceedings of, 
540. 

Ammonium sulphide, 537, 546. 
Analyses of copper ores, 56, 70, 72. 

hornblende schists, 629. 
iron schists, 49, 56. 
lead, 74, 76, 77. 
of Lower Magnesian limestone, 66. 
mineral waters, 57, 60, 62. 

Anatimus, 113. 
Anders, J. M .. 142. 
Andrews, E. B., 73. 
Andros, Dr., 511. 
Angelo, 17. 
Anglesite, 395; see lead ores. 
Animikie, 669. 
Anticlinal, central, 424, 425. . 
Anticlinals of Lead region, 419; 438-444. 
Antit?ony, 377, 378. 
Apatite, 606. 

' Appalachian Highlands, 535. 
AppeQdix, · 569. 
Apple river, 131, 141, 237. 

Diggings, 402. 

Arcadia, 30, 122. 
f:ection at, 122. 

Archrean Formations, 106, 107, 109, 419, 
520, 535. 

folds, 424. 
rocks of Upper Flambeau Valley:, 587, 

607. . 
undulatio11s of, 420. 
of central Wisconsin, 623, 714. 

Arches, 423, 424, 425. 
of Lead region, 423, 436. 

Areas of lead and associated mineral, 398. 
mineral in lead region, 398. 

Argillaceous quartz schist, 668, 681, 682, 
68o, 701. 

Argyle, 402, 428. 
mines, 402, 445. 

Arka'?sas, lead region of, 378, 399. 
Artesian wells, 44, 45, 57, 63, 524, 560. 

of S~arta, 57. 
of Oil City, 59, 520. 
of Norwalk, 60. 
of Tomah, 60, 520. 
of La Crosse, 60, 520. 
of Prairie clu Chien, 61. 
of Galesville, 62. 

Ashford, 289, 296, 299, 302. 
Association of ores in Lead region, 377 

378. , 
Atkinson Range, 440, 446, 44 7, 459, 463. 
Augite, 606. 
Aug!t~ sc~is.t, 669, 684, 694, 696, 705. 
Aug1tiC bwt.Jte·scbist. 652, 705. 
Augitic gneiss, 696, 702. 
Augitic biotite-gneiss, 653, 704, 705. 
Augitic biotite granite, 664, 675. 
Augitic grar.ite, 674. 

hornblende-gneiss, 695. 
biotite muscovite-granite, 704. 
hornblendic biotite-gneiss, 706. 
mica-schist, 708. 

Avalanche, 17. 
Axes of elevation in Lead region, 424, 

438. 
disturbance, 424, 426, 438. 

Azimuth, 739. 
Azurite, see Copper ores. 

B. 
Babel diggings, 402. 
Bad Axe valley, 25. 27. 
Bailey's Harbor, 276. 
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Bald Bluff, 4~.9 .. 
Baldwin, elevation of, 138. 
Bangor, 23. 
Barre, south half of, 26. 
Barrens, 7~ l. 
Barron counly quartzite'3, 573, c81._ 

exposures located, 577. 
pipestone! 578. 

Baraboo, 178. 
quartzites, 378, 379, 575. 
hills, 575. 

Barite, 393; see Minerals of lea.cl region .... 
Barium salts of lead reg·ion, see Barite. 

' Barometrical Observations, 5. · 
Base Line, 728, 749. 

measurement of, 749 
Base of Verification, 728. 
Battle Creek, 337. 
Batavia, 21. 
Bear Creek, 10. 

valley of, 33. · 
Beaver creek, valley of, 30. 
Beach, Horace, 61. 
Beef river, valley of, 32, 33. 
Beetown district of minerals, 401; 404, 

405, 406, 430, 44S, 4H8. . 
Beloit, 20:>, 206, 207, 208, 209, 210, 211, 

212, 213, 214, 216, 217, ~18, 219, 
220, 221, 222, 22:3, ~'25, 226, 227, 
228, 2:JO, 231, !2J2, 203, 234, 235, 

. 238, 266, 273, 276. 
Belvidere, 32. 
Benton Distnct, 402, 463, 404; 406, 437, 

448. 
Bergen, 28. 
Berlin, 171, 184. 
Big Bull Falls, 670, 671, 672. 
B1g Mound. 1~6. 
Big Patch Digg-ings. 400, 403, 439, 449. 
Billings, Mr., 194, 240, 243, 275. 
Biotite·granite, 664, 674, 675, 687. 

schist, 689, 691, 679. · 
augite gneiss, 704. 

Birch, 614. 
Bischof's Chemical Geology, 549. 
Bison, Jooeph, 512. 
Bitter Spar, 392; see Dolomite. 
Bitumen,. 378. . 
Black Jack range, 473. 
Black Jack, 387; see Sphalerite. 
Black manganese oxide, 397. 
Black ocher, 397. 
Black River, Valley of, 29. 
Black Tiff, 394; see Siderite. 
Blake's Prairie, 429. 
Blanchard ville, 402. 
Blende, 387; see Sphalerite. 

. Bloom, 12. 
Blodgett's Quarry, 305. 
Bloomingdale, 19:: 
Blue copper .carbonate, 397. 
Blue Limestone, 22, 38, ~8, 90, 106, 436 .. 

lithological chat·acteristics of, 88. · 
er..onomical productions of, 88, 90. 
pa.looontology, 90. 
exposures of, 90 ... 
surface rock, 89, 90. 

Blue and Buff' limestone, 412 
its fossils, 165, 414. 
its undulations, 421. 

Blue· Malachite, 397. 
Blue Mounds, 411, 732, 733, 735, 747, 743. 

· Boaz, 11. . 
Bode, Dr. G., 49, 60, 62. 
Bowman's, 12. 

section of formation at, 45. 
Bowlders, 718. 
Bowlders, ridges of, 612. 
Bowlders at Island Lake, 598. 

on the Dore Flambeau, 599. 
Bowlder Lake, 612. 
Brachiopoda, 90, 119, 128, 169, 172, 19\ 

242, 243, 256. 258, 287, 292, 314, 
316, 320,. 324, 3:)4, . 

Breccia ore deposit, 454, 459. 
Brick,. 718. 
Bristol, 235. 
British Hollow Diggings, 401,. 404, 433, 

443, 447. 
Brotherton, :Mr., 573, 580: 
Brown Rock, 412. 

spar, 392; see Dolomite. -
Deer, 333, 335. · 
hematite, 3!J4; see Limonite. 
Mr., 72. 

Brush Ridge deposit, 400. 
.Brookville, 136. 
Brucken, J., 510. 
Bruce lot, 448. 
Bryozoa, 252, 258. 
Buca.nia, 128. 
Buell, I. M., 382, 433, 538. 
Buena Vista, 10. 
Buff Limestone, 21, 38, 87, 88, 90, 106. 

lithological characteristics, 88. 
economical productions, 88, 90. 
paleontology of, 90. 
exposures of, 90. · 
surface rock~ 89, 90 .. 

Buff~~o Cou~t~, 4 • .,6.5, 80, 86, 92, 101, 119. 
lown of, 31, uo. 

Building stone, .)6, 78. 
Buncomb, 405, 467. 
Burlington, ~87, 306, 307. 
Burnham, Dr., 51. 
Burns & Miller, 512. 

·Byron, 9. 

c. 
Cabin Rock, 45. 
Cady, elevation at, 139. 
Ca.lamine Mines, 402. 
Calcareous band, 110. 
Calcareous deposits of Recent period, 96 . 
Calcareous material of glacial ieposits, 

. 718. 
Caledonia, 29, 30. 
Calcitic chlorite-schist, 701. 
Calcite, 65, 66, 391, 596, 606. 
Calcium _magnesium carbonate, see Dolo-

nute, 392. · 
spar, see· Calcite. 
carbonate, see Calcite. 



INDEX. .761 

Calymenoides, .122~ 
Campbell, 28. 
Canton, 33. 
Cap Rock, 458. · · 
Carbonates, their origin, 381. 
Carbonaceous matter in Menominee re-

~ion, 372. · 
Carbomferous, Lower, lead and zinc ore in, 

373. 
Cavernous channels in mineral deposits, 

465. 
Carinthia, lead deposits in, 373. 
Carlton, 314, Bl7, 318, 319. 
Carpenter's Quarry, 209, 211, 214, 217, 

218, 219, 221,. 222, 223, 225, 228, 
231, 233, 234, 235. 

Castle Rock, 48. 
Cassville Mines, 401. 
Cat.fish Point, elevation of L. ¥ag. at, 

128. 
Cato, 241, 271, 274, 279, 292. 
Cato Falls, 279; 292. 
Cave·opening, 4fJ6. 
Cedarville, 005. 
Centerville mines, 401, 404, 405. 
Center, 266. 
Centers of elevation, 370, 424, 427, 428, 

429. 
their relation to ore deposits, 371. · 

Cephalapods, 128, 226, 297, 303, 318, 338. 
Cerussite, 394. 
Chamberlin, 'r. C., 68, 130, 139, 365, 573, 

577, 715, 717. 
Champlain, 38, 92, 95. 

period, 133, 135. 
valley drift of, 92 . 

. exposed·beds of, 93. 
swamps of, 95. 

Chalcopyrite, see Copper ores, 390. 
Cha:f!ge_s, qf. ~res. since deposit, 497. 

m mclosmg rock, 508. 
Chalybite in hyposyenite, 598. 
Chaseburg, 26. · 
Chemical changes of ore, 498. 

of galenite, 498. ' 
Chicago & N. W. R. R., tunnel of, 8. 

section on, 9, 46. 
,; Chimney,'' 458. 
Chippewa county, 101, 119, 152, 173. 
Chippewa Falls, 101, 109. 

section at, 118. 
elevation, 139. 
river basin, ·136. 
valley of, 33, 137. 
quartzites, 573, 581. 

Chert in Galena limestone, 408. 
in Magnesian limestone, 65. 
relation to ore, ::!93. 

Caipmuck Coolie, valley of, 28. 
Chloritic augite•gneiss, 695. 

biotite schist, 691. 
mica schist, 708. 
siliceous schist, 700 ... 
cliallage gneiss, 707. 

Chlorite in LaUJ', rock, 600. 
origin of, 596. 

Christiana, 19. 

Chunk Mineral, 384, 440. 
Cincinnati Shale, 105, 410 
Clark's Mills, 279. 
Clark, Mr. A. C., 625, 668, 686, 689, 715, 

717, 718. 
Clark, J., 751. 
Clayton, 16. 
Clifton, 9, 35, 
Clinton, 17. 
Cobalt, 377, 378. 
Cog Mineral, :384. 
Coil, Mr. John, 80. 
Columbia, 666. 
Colleges ..,.. Beloit, Milton, Racine, Ripon, 

62b. 
. Conocephalites, 113. 
Conrad, Mr., 229. 
Conglomerate in Barron county, 579. 

age of, 579. . 
Conocephalites, see Paleontological index. 
Coon, 22. . 

. Prairie, 19, 84. 
Cooperstown, 292. 
Copper-bearing series of Lake .Superior, 

666; see Keweenawan Series. 
Copper creek, 10. · 

river, 704, 705, 708. 
carbonate, 397; see Malachite. 

Copper mines, 69, 72, 401, 402, 405, 535, 
557, 569. 

ores in Potsdam, 56. 
L. Mag-., ~9. 72. 

· analysis of, 56, 70, 72. . 
of Lead region, see Min. of Lead 

R., 401, 402, 405, 535, 557, 269. 
their distribution, 405. 

Pyrites, 72; see Chalcopyrite, 390. · 
Copper-iron Pyrites, see Ch~lcopyrite, 390. 
Copperas, 390. 
Coral, 90, 130. ' 
Coral, lead, 76. · 
Court Oreilles Indian trail, 577. 
Cranberry marshes, 9, 13, 615. 
Crawford County, 4, 36, 49, 63, 79, 84, 90, 

' 97. 
ore in, 405, 406. • 

Craig's Lode, 464. 
Crepicephalus onustus, 122. 
Crevices, 439, 524. 

and vegetation, 544, 561. 
how formed, 482. 
mineral in, 069, 544, 549. 
arrangement of, 370. 
relation to lodes in Lead region, 438. 
surface aspect of, 438. . 
Dr. Percival's arrangement of, 442. 
Mr. Murrish 's arrangement of, 443. 
grouping, 444, 450. . 
relation of position to productiveness, 

447. 
distinction between N. and S., and 

E. and W., 440. 
origin of, 372. 
maps, 409, 440. 

Crinoids, 100, 280. 
Cross, 31, :32. 

stmtification, 40, 119. 
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Crow Bra.nch District, 401, 404, 406, 434, 
445, 449. . 

Mine, 406, 443, 445, 480, _481, 510, 
511. . 

<Jrustacere, 179, 193, 200, 204, 236, 304, 
323, 3~9 .. 

Cruziana, 1W. 
Ct·ystalline rocks, their influence on ore 

deposits, 370. 
of the Wisconsin Valley,, 627. 

Crystals of Galena, 384, 386. 
Cumberland, 379. . 
Currents in Silurian ocean, 532. 
Cutts, R. D., 749. . 
Curvu.t.ure of the earth, 727. 
Cyrtoceras, 81. 
Cyrtolites, 81. 
Cylon, elevation of, 139. 

D. 
Dana, Prof. J. D., 38. 66, 94, 135, 156. 
Daniells, Prof. W. W., 49, 415. 
Darlington range, 446. 
Davidson County Range, 462. 
Davies, Prof. J. E., 725, 748, 749, 7tJ1. 
Dayton, 11. · 
Decorah Prairie, 30. 
Deer Tail R., 608. 
Deep mining-, 554. 
Delafield, 249, 250, 251, 253; 254,255, 256, 

2-)8, 259, 260, 261, 262, 263, 265, 
266. . . 

Dells·on Eau Claire river, 689, (>90. 
Denudation of Mi~sissippi Region, Pots­

dam, 36, 87. 
Deposition of ores, contemporaneous, 388. 

possible ways, 387. 
in crevices, 544. 

Depressions of strata in Lead region, 
370, 371, 379, 432, 536, 561. 

Depressions as places of ore accumulation, 
537. 

Depos~t of ore, general discussion, 365~ 
571. . ' 

Deposition of ores, ~22, 549. 
by sublimation, 522. 
thermal waters, 525~ 
oceanic, 529. 

Descent of ores, 368, 369. 
Derbyshire, lead deposits in, 369, 379. 
Devil 's creek, 705, 706. 

Lakt>, 172, 174. 
Devonian, lead and zinc in, 373. . 
Diabases, altered, Little Blue Falls, 658. 

intrusive, Grand Rapids gneisses, 630, 
638. 

in Upper Flambeau Valley,· 593, 621. 
Diamo.nd Bluff, 35. 

Grove mines, 402, 443. · 
· Diatoms, 66. 

Dice Mineral, 384, 468. 
Diggings, 399, 400. 

Apple River, 40~. 
Habel, 402. 
Benton, 437. 
Big Patch, 4()0. 

Diggings, British Ho~low, 401, 404, 433, 
447. 

Brush Ridge; 400. 
Council H1ll, 437. 
Crow Branch, 434, 449. 
Dutch Hollow; 401, 404, 432, 447, 467. 
Earnests, 437. 
Elk Grove, 400, 40a. 
Fairplay, 411, 448. 
Hacketts, 401. 
Hunsacker, 448. 
Hazel Green, 403, 404, 437. 
Irish, 402, 449. 
Kickapoo, 514. 
Linden, 402, 450. 
Lower ~lenomonee, 488. 
Meeker's Grove, 403, 404, 406, 437., 
Moosan's, 514. · · 
Muscalunge, 401. 446, 447, 564. 
New Diggings, 437, 449. 
Nip and Tuck, 401, 445. 
Ohlerking's, f:>13, 514, 515. 
Peaslee's, 437. 
Pigeon, 401, 434. 
Pin Hook, 401, 447. 
Platteville, 434, 443, 449. 
Perter's GrovP, 402. 
Potosi. 4.01, 447, 538. 
Red Dog, 442, 447,46~ 
Rockviile, 401, 447·. 
Shawneetown, 448. 
Shullsbu!g,_ 437, 149. 
South M1ffim, 401. · 
Stopline, 402. 
Strawberry, 400. 
Stump Grove, 449. · 
Upper Menomonee, 44.8. 
Vmegar Hill, 437, 441: 
Whig, 4CO, 434, 449. 
Wiota, 429, 450. 
Yellowstone, 40~, 437, 450. 

Dikellocephalus, 41, 47, 63, 121. See 
· Pal. index. · . 

Diluvian beds, 94. 
Diorite in Upper Fhtmbeau val., 59R, 620. 
Dip and J<'lexures of St. Croix Dist., 10.7. 
Displacement in Lead region, 369. 
Distribution of ores in Lead region, 404. 

mines in Lead region, 399. . 
Districts, special in Lead region, 399-403. 

Beetown, 401, 404, 405, 433; 445, 488. 
Benton, 402, 403, 404, 406, 448: 
Centreville, 404, 40.5. 
Crow Branch, 401, 404, 406, 445. 
Dodgeville, 402, 40!, 405, 406. 
Dubuque, 403, 405, 406, 511. 
Elizab2th, 403, 450. 
Fairplay, 40.5. 
Galena, 403, 404, 405, 406, 437, 450. 
Hazel GL·een, 403, 404, 437, 439, 448, 

476, 477, 565. 
Highland, 404, 405, 406. 
Linden, 404, 406, 439, 445, 450. 
Lower Menomonee, 401, 403.-
Miffiin, 404. 43;), 445. . 
Mineral Point, 401, 4.02, 404, 405, 406, 

435, 449. 
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Districts New Diggings, 402, ·404, 405, 406, 
• 437, 449. 

Pigeon, 404. 
Platteville, 400, 403, 404, 434, 445, 

449. 
Potosi, 401, 405, 432, 433, 445, 447, 

538. 
Shullsburg, 402, 404, 405, 406, 437, 

445. ' 
Upper Menominee, 403, 445. 
Vinegar Hill, 403. 
Wiota, 402, 405, 437, 445. 
Zinc, 404, 405. 

Dodgeville, 428, 438, 468. 
ore district, 402, 404, 405, 406, 444, 

445. 
range, 450 .. 
deposit, peculiarities of, 440. 

Dog-tooth snar deposit, 391; see Calcite. 
Dolomite, 392, 407. 
Dolomization, relations to ore, 407. 
Doukeburn vein, 370. 
Doolittle, M. H., 751. 
Dore Flambeau, 608. 

rocks of, 606. 
R., 600. 

Dorite, 657. 
Dorset, 13, 48. 
Drainage of Upper Wisconsin valley, 

720. 
indications of crevices, 562, 564, 566. 
of Flambeau slope, 607. 

Dreadnaught mine, 428, 4:36. 
Drift of Mis~issippi and W1sconsin rivers, 

92. 
ridges of Flambeau valley, 611-613. 

Drowley, Wm., 159. 
•• Dry bone," 0\J5; see Smithsonite. 
Dubuque, 246. 

mines, 402, 403, 404, 405, 406, 450, 
511. 

Duke's Prairie, mines of, 402. 
Dunn county, 101, 102, 106, 119, 137, 145, 

148, 151, 157. 
Durand, 13o. 
Durley lot, 448. 
Dutch Hollow Diggings, 401, 404, 432, 

447, 467. 
Dyson, C. W., 52. 

E •. 
Eagle, 11. 

Cave, 79, 96. 
Earlier Glacial Deposits, 718. 
Earnest's Diggings, 437. 
Eastland, A. U., 51, 79. 
East.man, 21, 24. 
Easts and Wests, 440. 

different from N orths and Souths, 
550. 

Eaton, H. W., 188, 193. 
' Eau Claire, 180, 181, 183, 190. 

county, 101, 117, 136. 
river; 139, 150. 
elevation of, 139. 
grit, 109, 110, 112. 

Eau Claire, section of sandstone at, 117. 
Trilobite beds, 109, 110, 112. 

J£au Galle riv:er, elevation of, 139. 
Economical Products of Potsdam Sand-

stone, 49, 122. 
Lower Magnesian, 69, 128. 
St. Peters, 83. 
Trenton, t-:8. 

Eikry's Quarry, 164. 
Eikey, Mr., 194. 
Elder creek, 580. 
Elevations, 138-140. 

Baldwin, 138. 
Bear Creek, 11. 
Belvidere, 32. 
Bluff on the Kickapoo, 43. 
Buffalo, Tp., :.n. 
by Barometer, 5. 
Byron, 9. 
C<tdy, 139. 
Chippewa Falls, 139. 
Cross, 32. , 
Cylon, 109. 
Eau Claire, 139. 
Elk Mound, 139. 
Ellsworth, 139. 
Emerald, 139. 
Erin Prairie, 139. 
Freeman, 'l'p., 25. 
Genoa, 27. 
Glencoe, 31. 
Glacial Deposit, 92. 
H<tmmond, 139. 
Hartland, 35. 
Huds•)n, 139. 
Kinnickinnick, 139. 
La Crosse, 62. 
Lower Magnesian Limestone, 108. 
Lucas, 139. 
Martel, 139. 
Menomonie, 139. / 
New Haven, 139. 
Pepin, 33, 34. 
Potsdam Sandstone, 39, 120, 122. 
Prairie du Chien, 62. 
Red Cedar, 140. 
Rchmond, 140. 
Ridges of Miss. Valley region, 30. 
River. Falls, 139. 
Rock Falls, 139. 
Rush River, 140. 
Sherman, 140. 
Somerset, 140. 
Spal'ttt, 62. 
Springfield, 140. 
Stanton, 140. 
Star Prairie, 140. 
St. Joseph, 140. 
Trenton and Diamond Bluff, 35. 
Tiffany, 140. 
Trim belle, 140. 
Troy, 140. 
Warner, 140. 
Waterville, 34. 

Elevation, Centers of, in Lead region, 370, 
424, 427, 428, 429. 

of strata, Lead 1·egion, 425. 
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'Elk Grove Diggings, 400, 403, 449. 
river, 608, 609. _ 

Elizabeth District, 403, 450. 
Ellenborough, 429. 
Elmore, 288. 
Ellsworth, 87, 90, 137. 
Emerald, elevation of, 139. 
England, Lead Mines of, 369, 373. 
Epidot;c hornblende-g-ranite, 655; 656. 

biotite-granite, 700. 
horn blencle-schist, 701. 

Erin Prairie, elevation of, 139. 
Erosion in Mil's. region, 36. 

S. Fork Flambeau river, 614. 
Ettrick, 29, 30. 122, 181, 183, 190. 
Euomphalus Strongi, 81; 194, 200. 
Eureka Mine, 541. 
Evans, J. H., 384, 467. 
Examinations by M. Strong, 8. 

in 1873, 3 .. 
, in 1874, 3. 

in.1875, 3. 
in 1876, 4. 

1 character of, 5. 
Excelsior, 14. 
Exeter, 402. 
Exposures of Potsdam, 47-49. 

L: Magnesian,.68, 69. 
at Willow river, 125. 
at Rose Lake, 127. 

St. Peters, 83-87. 
Champlain beds, 93. 
Alluvium, 96. 
Archrean rock in . upper Flambeau 

Valley, 587, 588, [191, 597, 599,601. 
Along N. Fork of .Flambeau, 593. 
of Granite, 663. . 

F. 
Fairplay mines,A05, 411, 448. 
Fairview, 22. 
Farmington, 23, 27, 29. 
Fauna of Lead region, 410. 
Faults in Lead region, 369, ·371. · 
Feeders, 440, 549. 
Felsitic porphyry, 676. 

black, 679. 
Fennimore mine, 444. 
l!,erric oxides, 394; see, also, Hematite. 
Fire, its efl'ects on soils, 721. 
Fish, 721. · · 
Fish of lakes in :Flambeau valley, 610. 
Flambeau valley, upper, 585-6~1. 

ancient lake beds of, 611. 
dl'ainage of, 607-610. 
glacial features of, 611-613. 
lakes of, 610. 
marshes of, 615. 
microscopic examination of rocks of,· 

617-621. 
peat of, 611. 
soils of, 614-615. 
topography of; 607-610. 
vegetation of, 610, 611, 614, 615. 

l!'lambeau river, 597, 608. 

Flambeau river, north fork of, 608. 
erosion aiong, 614. 

. vegetation along, 614. 
Flat openings, 4&6, 468. 

cause of, 486. 
at1d pitches, 457-459! 469-481. 

cause of, 486. · 
relative importance of, 475. 
distribution of ore in, 477. 
tendency to curve, 469. 

Flemming's quarry, 78. 
Flexures, see Dip. 
Flints, 408. . 
Flints, relation to ores, 392, 398. 
l!'luorite, n79. 
Fluorspar, 377: 
Fool's Gold, 388; see Pyrite. 
Fond du Lae, 244. 
Formatwns of Miss. regicn, Potsdam, 

' 38-64. 
L. Magnesian, 64-81. 
St. Peters, 81-87. 
Trenton (Blue, Buff and Galena), 

88-90. . 
Quaternary, 92-98. 
Glacial, 92. 
Champlain, 92-95. 
Recent, 9·5-98. 
of Lower St. Croix district, 103. 

.Archroan, 106, 107, 109. 
Paleozoic, 1 Oo. 
distribution of, 107. 
Potsdam. 109-123. 
Lower Mag .. 123-129. 
St. Peters. 129. 
Trenton; 129. 
Quaternary, 1H1-140. 

Forest, 12, 14. 
Forestville, 276, 291. 
Fo.5sils, see Palreontology. 

localities of Miss. region, 63. 
Fountain City, 66. 
Fox River Improvement Co., 102. 

rrgion, 666. 
Frankfort, 30. 
Franklin, 19, 22. 

Ky. ore deposit in, 899. 
Freeman, 21, ~~, 25, .27. 
Frieze, F., 53. 
Fucoids, 41, 46, 47, 63, 416. 

G. 
Gabbros, tabulated description, 648-710. 
Gn.le, 2J, ;..O. 
Galesville, 30, 62. 
Galena limestone, 21, 24, 38, 89, 90, 91, 

105, 407-412. 
carbonaceous material of, 525. 
chert in, 408. 
of lead region, 407-412. 
palreof!t~logy of, 239-247. 
undulation of strata, 419-4:38. 
city, 477. 
distriCt, 403, 404, 405, 406, 4m, 4-ro. 

Galenite, 7;3, 77, 158, 379, 380-387, 467. 

.· 
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Galenite, cavities in crystals of, 384. 
changes in, ::;85, ::!86, 498, 500. 
composition of, 0~0. 
crystallization. 384, 386. 
distr:bution of, 369, o70, 373, 378, 

379, 399, 404, 5:35. 
modified crystals, i:l86. 
possible origin of, 387. 
present formation of, 501. 
reticulated gal_ena, 084, 385. 
silver in, o80, 3tl3. 
surface of crystals. 386. 
stalactites, 385. 088, 4SO. 

Gangue of lead and zinc ores, 378, 379. 
Gardner, J., 4, 1o6, 750. 
Garnet, 590, 597, 606. 
Garnetiferous gn2iss, 597. 

mica schist. 592. 
Gash veins, 453. 454. 
Gasteropods, 128. 
Genesee, 305. 
Genoa, 25, 27, 28. 
Genth 's lode, 462. 
Geodetic Survey, 727. 
Geography, physical, of Mississippi re­

gion, 7-B7. 
Geodic caverns in mineral regions, 467. 
GEOLOGY of thE: Mississippi region north 

of Wisconsin nver, ~-98. 
surface of, 7-07. 
the Lower St. Croix l.1istrict, 99-157. 

Geologi~al f~rmations of Mississippi re-
gton, .)8. · 

Georgia, ore deposit of, 399. 
G1bf:on, 291. 
Giibert creek, section at, 121. 
Glacial epoc·h, 717. 

features of "Flambeau valley, 611, 
613. 

period, 133. 
formation, 92, 130. 
drift, 5. . 
action, 36. 
soil, o7. 
form;; tion, 38. 

Glacier movement in Flambeau valley, 
613. 

Glauconite, 111. 
Glass rock, 413, 421. 
Glendale, 9. 
Glencoe, 31. 
Gneis!:l of Flambeau valley, 593, 594, 595, 

597' 599. 1105. 
kyanitic, 5fi7. · 
hornblendic, 602, 603. 
porphyroid, 602. 
tabulated descriptions, 631-634, 640-

642, 646, 647, 652, 653, 644-696, 
668, 704-707. 

Gneisses, micaceous, 627. 
descriptions of, 628. 

Gne1s~oid granite of Flambeau . valley, 
587. 594, 600. ' . 

Goldfqss, 271. 273. 
Goslarite, 396. 
Gossan, 541. 
Grafton, 305. 

Graham, M., 59. 
Grand Rapids, rocks of the v1cmity, 627-

638. 
Grant county, 237. • 
Granite of Upper Flambeau .valley, 587, 

583, 589, 594, 595, 599, 600, 601, 
602, 60~. 60!, 605. 

prophyroid, 600, 602. 
pegmatitic, 604. 

Granite~. tabulated descriptions, 648, 664, 
674, 675, 687, 688 .• 

Granitell, Grand Rapids, 629, 636, 643. 
Gratiot's Grove, 72H. 
Gravel, 718. 
Granulosa, 113, 119, 120. 
Gru.y, Prof. Asa, 142. 
Green Buy glacier, 719. 
Green copper carbonatR, 397; see Mala­

chite. 
Green c1unty, 745. 
Greenfield, 15, ~6, 281, 234, 285, 286, 287, 

'292, 305. 
Greenockite, 378. 
Greensand, 8. 

rock, 412. 
Grat>n wood, 8. 
Green vitriol, 393; see Melanterite. 
Grit, Euu Claire, 109, 110, 112. 
Grouping- of ores in Lead region, 377-

379. 
Guelph limestone, 167. 

pa.lmontology of. 271, 276, 287, 292, 
.297, 313-019, 505. 

Gutenburg, 401, 406. 
Gyp;;um, 397; see Minerals, Lead region. 
Gyratory motion, 5iB, 536. 

H. 
Hackett's Diggings, 401. 
Hagernmn 's Hill, 487, 520. 
Hall, Prof., 176, 177, 185, 240, 289, 292, 

!107, 316. 
Hall's Branch, 81. 
Hallleman, Prof., 178. 
Hale's quarry, 7t', 
Ha.lfway creek, 29. 

valley of, 29. 
Hamburg, 26. 
Hamilton, 26. 

gL·oup, palmontology of, 167, 324, 340. 
Hammond, elevation of, 139. 
Hanchett's quarry, 206. 
Haney, IS. 
Harwood river, U. J!'lambP.au valley, 611. 
Harker, 731, 732. 
Harmony, 25. 
Hartford, 253, :105. 
Haselt.ine's mill, 673. 
Hazel Green. 4u~. 104, 437, 439,· 448, 476, 
. ., . 477, 481. 
Hearn & 'Ward, 511. 
Heathcock mine, 428, 436, 472. 

range, 471. 
Heavy spar, 393; see Barite. 
Hematite, 46; see Iron ores. 
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Hematite accessory in Laurentian rock, 
606. 

analysis of, 5D, 56. 
in Barron county quartzite, 538. 

Hemlock, 614. 
Henrietta, 8. . 
Henry, w.- T., 386, 391, 487, 492, 493, 

498: 503. 511, 569. 
Henry, 0., 79, 96. 
Hess' quarry, 209, 211, 212, 213, 216, 221, 

225, ~26, '230, 232, 205, ~38. 
Highland, 731, 732, 733, 735. . 
Highland mines, 401, 404, 405, 406, 445, 

450. 
district, 559, 560. 

Heights of trigonometrical stations, 747. 
Hillsboro, 8. 
Hill, E. M., 101. . . 
Hirsh, Prof. J. i\1., 57. 
Historical Review, 367. 
Hitchcock, Prof. C. H., 532. 
"Hog-backs," 460, 612. 
Holland, 29, 30. . 
Honey-combed openings, 455, 459. 

· nature of ores in, 461. 
Horizontal sheets of ore, 457. 
Hornblende schist of Upper Flambeau 

valley, 588, 592, 593, 595, 596, 604, 
617. ' 

rock ditto, 592. 593. 595, 593. 
gneiss ditto, 595, 602, 603. 
ch!).nD'ing to chlorite, 596. 
granites, tabulated deRcription, 655, 

6E6, 651, Gi:>5, 656, 66::!, 670-673. 
Hornblende schists, 629, 654, 702. 

tabulated descriptions, ti37, 654, 694, 
696. 

cliallage granite, 707. 
biotite schist, 689, 694, 695, 705, 706. 

granite, 670, 671, 672, 674, 687, 
. 688. . 
gneiss, 694. . 

gneisses, 692, 694, 702. 
gabbro, 701. 
quartz of Flambeau valley, 606. 

. Houts, L., 73. 
Hoxey, J. S., 61.5. 
Hudson, 107, 133, 134. 182, 185, 19L 

Trilobite Beds, 109, 110, 112, 116. 
section of Potsdam at, 113. 
elevation of, 139. 
pal::eontology of, J 65, 248, 266. 

Bunt's Chemical and Geological Essays, 
549. . 

Huntsacker's Diggings, 448. 
Huronian age, 650. 

schists, 650, 660. · 
lead deposits in, 372, 373. 
quartzites and quartz porphyries, 419. 
in Upper Flambeau valley, 606. 
age of quartzites, 576. 

Humus, 540. 
Hurricane corners, 401. · . 
Hutchcraft's range, 446. 
Hutchinson's range, 504. 
Hutchinson's furnace~ 433. 
Hydrology of Lower St. Croix. Pistrict, 139. 

Hydrology of Upper Flambeau valley, 
607-610. 

Hydrous ferric oxide, 394; see Limonite. 
calcium sulphate, 397. 

Hydrozincite, 396. 
Hyolithes gregaria, 115 .. 
Hyposyenite, 595. 
Hypotheses of ore deposition, 522. 

sublimation, 522. 
thermal waters, 525. 

I. 
Ice movements in Flambeau valley, 613. 
Igneous rocks, relation to ore deposits, 

369, 070. . 
Illinois, lead in, 378, 399. 

Zinc Company, 478. 
Impregnations, 459. 
Indian quarry, 578. 
Iowensis, 115, 122. 
Irish diggings, 402, 449. 
Iron, 49, 118. 

ores, 49-56, 394. 
analysis of, 50-56. . 
ores of Lead region; ·see ·Minerals of 

Lead region~ 
in Potsdam sandstone, 518. 
pyrites, 50, 65, 74; see Iron ores. 

in Laurentian rocks accessory, 606. 
Pyrite rocl\s, 599. 

Ridge, 248, 250, 252, 253, 260, 26:.::; 
264, 265, 266. 

sulphate, 390; see Melanterite. 
ore with lead, 379. 
as a cement, 81, 82, 88, 89, 112. 
vitriol, 393; see Melanterite. 
vertical distribution of, 490. 
its relation to other ores, 488. 

Iron bisulphide, 388; see Pyrite . 
. carbonate, 394; see Siderite. 

Ironton, 11. . 
ore at, 54, 487, 518. 

Irving's Reporl; on the Crystalline ·Rocks 
of the Wisconsin valley, 623-714 • 

Irving, Prof. R. D., 586,617. 
Isabelle, 35. 
Island Lake, 610. 
Isle Wisconsin, 531. 
Italians, 28. 
Ithaca, 10. 

J. 
" Jack, " 387: 
Jackson County, 173. 
Janesville, 207, 208, 210, .214, 220, 223, 

2271 228, 266, 
Jefferson, 17, 22. 
Jenny road, 6~1. 
Jewett's Mill, 126. 
Johnston, A. K., 510. 
Johnson's quarry, 281. 
Jordan Mineral Well,· 62. 
Julien, A: A., 540, 586. 

; Jump river, 608. . 
south fork of, 608. 
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J{. 

Krbnsas, Lead region of, 399. 
Kaolinite alteration products, 620. 
"Keel," 53. 
Kelley's loweL· mill,. 665, 679. 

upper, 667, 680. 
Kendall, 9. 
Kentucky, lea.d in. 378, 399. 
Kettles of Upper Flambeau valley, 611. 
Kettle Moraine in Chippewa and Barron 

counties, 580. 
in Upper Wisconsin valley, 719, 721. 

Keweenawan Series, 575. 
Kewaunee, 273, 291, 292. 
Kickapoo, 16. 
Kickapoo, valley of, 16, 73. 

Center, 16. 
river, 47, 511; see of bluff on, 43. 
Mining Co., 51. 
Diggings, 514. 

Kilns, 7tl-80. 
· W a.llace 's, 80. 

. Kimar, Mr., 53. 
Kimball, Dr., 437, 515. 
King, F. H., 585. 
Knowlton, 650, 651. 
Kinnickinnick river, 131, 132, 141. 

elevation of, 137. . 
Kunz's quarry, 294. 
Kyanite, 5\:JO, 591, 594, 597, 606. 
Kyanitic gn:eiss, 597. 

L. 
La Crosse, 28, 45, 56. 

well of, 60, 520. 
· county, 3, ·4: 36, 64:, 80. 
Ltt Fayette, 17, 18. 
La Grange, 9, 13. 
Lakes, 720, 721. · 

of Up. Flambeau valley, grouping of, 
610, 613. 

Lake Pepin, 56, 171. 
beds of Up. Flambeau valley, 611. 
Michigan, depth of bed, 423. 

Lambley ranges, 450. 
Lamellibranchiata, 205, 292-294, 322, 

305-338. 
Lapham, Dr. I. A., 311, 383. 
Lavalle, 11, 54. ' 
Lathrop, Mr., 76. 
Latitudes, 744. 
Laurentian s:bists, 419. 

continent, 535. 
rocks, 575. 
organic deposits in, 372, 372-3. 
axes of elevation in, 424. 

Lea, George, 60. . 
Lead carbonate, 394, 499, 500; see also 

Cerussite. 
Lead coral, 76, 410. 
Lead, deposits of, 373. 
Lead mines; see also :Mmes and Lead 

region. 
in England, 369, 370. 

Lead mines, Orion, 73. 
· Akan, 75. 
Little Kickapoo, 75. 
deposits in lower formations, 509. 

St. Peters, 509-511. 
Lnwer Magnesian, 511-518. 
Potsdam, 518-520. 
rocks below Potscla.m, 520, 521. 
deductions, 52!-552. 

Lead Ore. Theoretical Hypothesis, 522. 
theory of derivation by sublima-

tion, 5~2-525. . 
by thermal waters, ;125-528. 
by oceanic deposition, 529-

549. 
Location of disserninatcd ore, 

539-544. 
deposition in cL·evi~es, 544-549. 
location of deposits in crevices, 

549, 550. 
present deposition of, 550, 551. 
vertical' distribution, 551-553. 
practical considerat,ions, 554. 

deep mining, 554-560 . 
suggestions as to prospecting 

and mining; 560. 
Lead Ores, 380. 

derivation from underneath, 370. 
general distribution, 399, 404, 535. 
of Alston Moor, 369. 
cban!!es in. 386. 
of Derbysliir2, 369. 
of England, :369. 
of Galena, 369. 
of Lower Magnesian, 72-78, 417. 

analyais of, 74, 76, 77. 
of St. Peters, 415. 
origin of, views of Rev. J. Murrisb, 

375. 
Dr. Owen, 367. 
Dr. Percival, 368-371. 
Prof. Whitney, 372-374. 

of Illinois, 378, 399. 
Lead region, 367 et seq. 

areas within which ores are foun·d, 
398-4.03. 

crevices ctnd ca.vities, bow formed, 
482-488; see also Crevices. 

changes in ores since deposition, 497-
509. 

physical, 497-498. 
chemical, 498-508. 

diggings, see Diggings. · 
distribution of covper in, 404-407. 
disturbance of strata in, 4:04-·438. 
elevation of strata in, 425. 
fauna of, 410. 
lodes of, see Lodes. 
nature of min·erals of, 379. 
of Arkansas, 378. 
of Kentucky, 378. 
of Illinois, 378. 
of Missouri, 378. 
ores of, 365-371, 377, 379, 393, 398. 
relation of ores to each other in, 488-

497. 
situation of ores in strata, 451-482. 
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Lead regio:1, special ore districts in;399. 
strata containing ore in, 407-419. 

· surface aspect of lodes in, 438-451. 
St. Peters, sandstone of, 435. 
undulation of strata of, 419, 438. 

Lead sulphate, 395, 500; see Anglesite. 
Lead, total yields, 489. 

and Zinc, relation and p~·oportions, 
489. 

Leads, how to follow, 566. 
Leon, 20. 

valley of, 17, 20. 
Leroy, 9, 
Lewis, Mr., 51. 

valley of, 23. 
Lexington, 508. 
Liberty, 16. 
Liberty Pole, 79. 
Liebig, Prof., 98. 
Lime, 7S-80, 129. 

· k1lns, 78. 
localities of, 79, 80. 
W<tllace's, SO. 

salts of Lead region, 380. 
sulphat •, 397; see Gypsum. 

Limestone, Trenton, 18, 24, 64-31, 106-110, 
123-129, 1;-)4, 417, 418. 

Lower Magnesian, ~1. 38, 87, 83, 90, 
106, 165, 412, 414, 421. 

Buff. 21, 08, 88, 90, 165, 412, 411, 
421. 

Blue, 24. 38, 89, 90, 91, 105, 239, .247, 
407, 412, 421, 525 .. 

Galena, 21. 
Limonite, 094, 507; see also Iron ores.· 
Linden, 404, 406, 439, 445, 450, 471. 

dist.ricr, 40i, 439, 450. · 
lode, 401. . 
rome, 391,404,406, 436, 450, 472, 473, 

489. 496. 
Mining & Smelting Co., 472. 

Lingula, 41. 44, 45, 46, 6:3, 410, 416. 
Lingulepis pinnaformis, 114, 115. 
Lincoln County, 717, 720. . 
Little Bull Falls, 650, 651, 655, 658, 659, 

712. 
Little Bear, valley of, 3.3. 

Eau Galle, 136. 
Ialls, 20, 575. 
Kickapoo, 47, 75. 
Rib river, 669. 
Rapids of Eau Claire river, 687. 
Sturgeon Bay, 297. 

Lithology of L. Magnesian limestone, 65, 
l:dl, 417. 

Potsdam sandstone, 39, 110. 418. 
St. Peters sandstone. 82-127, 415. 
Trenton (Blue, Buff) limestone, 128, 

412. 
Loc~tion of deposits in crevices, 549. 
Localiz:1.tion of ore deposits, :>73, 374, 400, 

537, 544, 5)0. 
Lodes of, 

· Beetown, 401. 
Council Hill, 403. 
Craig's, 464, 465. 
Dodgeville, 440. 

Lodes of, 
Dubuque, 450. 
Gen th s, 462. 
Linden, 401. 
Marsden, 385, 403, 477, 479. 
Mills, 475-477. 
Mineral Point, 436. 
§pensley's. 492. 
Vinegar Hlll,,403. 

Lodes, grouping of, 440-450. 
number of, 441. 
relation between direction and nature 

of• mineral, 440. 
surface aspect of, 438. 
situati·on and dire.ction of, 439, 440. 

Lodi, 181. 193. . 
Lone Rock, 56. 
Long & Wooley ranges, 448. 
Longitude, 744. 
Lost Grove mines, 402, 443. 
Lower Falls, Three Rolls, Eau Claire river, 

687. 
Lower Ht•lderberg. 167. 
Lower Knapp, 121. 
Lower Magnesian Limestone of the U. 

Mississippi district, 64-81. 
age of, 38. 
building stone, 78. 
chert in, 65. 
composition of, 66. 
copper, 69-72. 
economical products, 69-81. 
exposures of, 68, 69. 
junction with Potsdam, 67. 
lea.d in, 69-78. 

r limP, 78-80. 
lithological characteristics of, 65. 
palmontology of, 81, 194-204. 
sections of, 67, 70, 74. 
thickness, 9, 16, 18, 21, 24, 28, 31, 

68, 70. 
unconformability, 68. 

Lower Magnesian Limestone of St. Croix 
district, 106, 110, 121, 123, 129, 
134. 

composition of, 124. 
economical products, 128, 129. 
ele\·ation of, 108, 122. 
junction with Potsdam, 110. 
layers, 125. 
origin, 123. 
palmontology, 194-204. 
section of, 125, 126, 127, 128. 
thickness, 125. 

Lower Magnesian . Limestone of Lead 
region, 417, 418. 

ore deposits in, 369, 511, 518, 554. 
undulations of, 420. 

Lower Coral beds, fossils of, 271, 274, 279, 
291, 292. 

Mosinee Hill, 685. 
Pipe Clay opening, 414. 

Lower St .• Croix district, 105. 
geology of, 99-157. 
calcareous band, 110. 
dip and flexure of stmta in, 107, 108. 
distribution of formations, 107. 
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Lower St. Croix district, econoffiic prod-
ucts, 122, 128, 129. 

elevation in, 120,; 122, 138, 140. ·· 
Hydrology of, 141-145. . 
Archrean in, 101. . 
Lower Magnesian in, 123-129. 
Potsdam in, 109-123. 
St. Peters sandstone in, 129. 
Trenton limestone in, 129, 130~ 

: Meeke~'s G~ove ~ines, 437 .. '' 
, ore deposit of, 403, 404, 406, 407, 433. 
Melancthon creek, 8, 47. 

: Melanterite, 393, 593; see Iron ores. 
: Menasha, 266. 
. Mendota, 169. 

limestone, 110, 111. 
. Menominee, 139, 157. 

range, 575. 
river, 661. 

• . region, 686. , . . 
:Menomonie, section of Potsdam, '114; 117. 

sections in, 113-120. · 
soils, 155-159. 
ve~tation of, 146-154. 

Lucas, Elevation of, 139. 
Lynxville, 21. 

M. 
Macroscopic <;lescriptions of gneisses, 631-

634, 640-642, 646, 647; 652, 653, 
694-696, 704-707. 

granitell, 636, 648. · 
hornblende schists, 637, 654, 69~96. 
olivine diabases, 638. 
granites, 648, 674, 675, 687, 688. 
quat·tz porphyries, 649, 650. · 
. hornblende granite, 655, 656, 670-

673. . 
diorites, 657, 698. 
altered diabase, 658. 
quartz, 659. 
Huronian schists, 660. 
porphyries, 615, 679. 
quartz schists, 681, 682. 
augite schist, 684, 69~96. 
quartzites, 685. 
mica schists, 689-691, 697. 

Macy, B. C., 512. 
Madison, 188. --. 

beds, thickness of, 121. . 

elevation of, 139. " · . 
Menomonee, Upper, mining district, 403, 

I. 445. 
· . Lower, mining district, 403, 445, 488. 

Meridian, 137. . · ' 
. elevation of terrace at, 137. · 
Messersmith, G., 70. · .. 

. Metals in organic structures, 530; 537: 

. Metftllic ores, iron, 49-56; see also Iron 
ores. 

coppflr, 56; see also Copper ores. 
· "deposits in Potsdam sandstone; 518. 

. in Arch~an rocks, ·535 . 
Metalliferous deposits, 365-567. . 
·Mica schists, tabulated descriptions, 686, 

'. . 684-691, 697, 708. . ' 
Mica in gneiss, Grand Rapids rocks, 628. 
Mica schist of Upper Flambeau valley,.&87, 

I 589, 590, 591, 594, 595. . 
Micaceous hornblende rocks, 592. · ' 

gneisses, 627. .,. 
gabbros, 698, 710. 
peridotite, 710, 711. 
quartz schist, 697. , . 

Microscopic descriptions, 611, 623-714. 
Midway, 29. ·. . · · · . 
Miffiin mine, 404, 406, 413, 434, 435,'.473. 

Magnesian limestone, 39, 41, 
407, 412, 417. 

123-129, range, 401, 445, 449. . '-: ; 
Mills Lode, 448, 475. · 

carbonate of lime, 392; see Dolomite. 
Magnetic 'siliceous schist, 660. 
Magnetitic muscovite schist, 697~ 
Magnetite as accessory to Laurentian 

rocks, 599-606. 
Maiden Rock, 34. 
Malachite, 40, 42, 397;- see Copper ores. 
Manganese ores of Lead region, 380, 391. 
Marathon, 717, 719, 722. 
Marcellon, 666. , 
Marcasite, 467, 389, 390; see Iron ores. 
Manedowish, 608. 
Marietta, 15. 
Marquette re_gion, 666, 669, 686. 
Marshes, in Up. Flambeau valley, 615. 
Marsden lode, 389, 40J, 404, 477, 478, 481, 

493, 494, 495, 502. -· 
Marshall, 12. 

Hill, 650, 668, 669. 
Martel, elevation of, 139. 
Martin, A. L., 512. 
Mayville beds, fossils of, 805. 
Mazomanie, 188. · 
McGiloray's ferry, 93. 
Meek, Mr., ~40, 268. 
Meeker's Grove, 427. 

VoL. IV -49 

deposits of, 373, 378. 
Miller & Hearn's mining, 512. 
.Miller, Mr., 199. 
. Military Ridge, 445. 
Milton, 22. , 
Milwaukee, 275, 271-279, 287, 291, 292, 

322,324,325,326,327,328,329,330, 
331, 332, 334, 3:38, 339, 340. 

Minnesota point, 331, 335. ' . : . 
Mines, distribution of in Lead region; 399. · 
.Mines of Lead region, 365-567. · 
· Argyle, 402, 445. 

Beetown, 406. . . .. 
British Hollow, 433, 443. 
Brush Ridge, 96, 400, 401. 
Ca~amine, 402. 
Cassville, 401. . . . · 
Centerville, 401, 404, 405. . . 
Copper, 69'-72; see Copper mines. , _. 
Crow Branch, 406, 44:3, 445, 480, .481, 

510. . ' 
Diamond Grov.e, 402, 443. 
Dodgeville, 404, 405, 406, 444, 445. 
Dreadnaught, 428, 4R6. · 
Dubuque, 402, 403, 404, 405; 406, 450, 

511. 
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Minrs of Lead Region, Duke's, Prairie, 402. 
Elk Grove, 403. 
Exeter, 402. 
Fairplay, 403, 405. 
Fennimore, 444. 
Glen Haven, 401. · 
Glen berg, 401. 
Hazel Green, 481; see also Hazel 

Green. · 
HPathcock, 428, 436, 471, 472. 
Highla,nd, 405, 406. 
Linden, 391, 401, 404, 436, 466, 472-

473, 489, 496. 
Lost Grove, 402, 443. 
Marsden, 389, 404, 478-479, 481, 494, 

49.5, 502. 
Meeker's 'GrcJ.ve, 403, 406, 433. 

· · Miffiin, 404, 406, 434, 435, 443, 445, 
473. 

Mineral Point, 406, 443, 492; see also 
Mineral Point. 

Monroe, 402. · 
Moundville, 402, 445, 450. 
Musca.lunge, 408, 446, 447, 459, 464, 

482, 488. 
~.ew California, 443. 
Pin Hook, 443. 
Platteville, 443; see also Platteville. 
Porter's Grove, 444. · · 
Potosi, 443; see also Potosi Diggings. 
Preston Point, 467. 
Red Dog, 44B. 
Ridgeway, 444. 
Robbins, 462-464. 
Roberts, 469, 470, 472. 
Rockville, 443, ·447, 
Shullsburg, 406, 441; see also Shulls-

burg Diggings. 
Sobey & Davey's, 468,469. 
Spring Valley, 444. 
Swindler's Ridge, 403. 
Whig, 440. 
Whigville, 401, 444. 

Mining, suggestions as to, 560. · 
Miners' maxims, 561. 
Mineral watere, 57-63. · 

well of Sparta, 57. 
Oil City, 59. 
:Norwalk, 60. 
Jordan, 62. 

Mineral Point, 404,405, 436, 487,490,492, 
496, 510, 511. 

mines, 405, 443, 469, 4~2. 
district, 401, 402, 406, 435, 449. 
ranges, 445, 510. 
copper, 405. 

Mineral ash, 497. 
Minerals of Lead region, 377-393. 

Arkansas lead dist., 378. 
Missouri lead clist., 72, 378, 399. 

Mineral areas in Lead region, 398-403. 
America, 398. 
deposits in Missouri, 72, 373,378, 399. 

Miniska, 171. · 
Mississippi Region North of the Wiscon­

sin R.iver, Geology of, 3-98. 
building stone of, 56, 78. 

Mississippi Region, North of the Wiscon­
sm River, erosion in, 36, 87. 

economic products of, 49, 69, ~3, 88. 
copper, 56 .. 69-72. 
iron, 49-56. 
lead, 72-73. 

formations of, 38. 
Champlain, 92-95. 
Galena limestone, 90, 9J 
glacial, 92. . ' 
Lower MJI,gnesian lim'estone, 64-

80. . ,. . -
Potsdam sandstone, 38-64. 
recent, ··95-98. 
St. Peters.sandstone, 81-87. 
Trenton limestone, 88-90. 
fossils of, 63, 64, 81, 90; see Pa.­

looontology, 60, 64, 81, 90. 
soil of, 36, 37. 
timber, 36, 37. 

Missouri lead region, !178, 399. . 
archipelago, 505. · · 
lead mines of, 72, 373, 378, 399. 

Modena, 32. 
Monroe county, 3, 4, 36, 80, 86, 95. 

mines, 402. 
Moody's quarry, 306. 
Moos~m's diggings, 515. 
Morainic accumulations, 718. 
Moraines, 580. 
Mormon " Coolie," 80, 9 ~. 
Mound ville mines, 402, 445, 450. 
Mounds, The, 410. 
Mount Sterling, 22, 70, 84, 89. 
Mt. Tabor, 12. 
Mt. Nebo, 48. 
lVIt. Pleasant, 730, 744, 745, 746. 
Mt. Hellen, section a.t, 126. 
Mud Creek, H2!. 
"Mundie," 388; see Pyrite. 
Murchisonia., 410; see also Palreontological 

index. 
Murrish, J., 375, 419, 424, 516. 

grouping of crevices by, 443. 
Muscalunge, G63, 567. 

mines, 99, 408; 440, 446, 447, 459, 
461, 482, 488. . 

Muscalunge Falls, 581. 
Muscoda, 93. 
Muscovite, 606. 

gneiRs, 652. 
biotite-augite-gneiss, 653. 

schist, 689, 690. 

N. 
Nail-head spar, 391. 
~eh;on, 33. 
Neenah, 244, 266. 
New California, 443. 

Diggings, 402, 403, .404, 405, 406, 
407, 449. 

Galena, 514. 
Haven, elevation of, 139. 
Jersey, lead in, 399. 
Lynne, 9. 



New California, Richmond, 106, 133. 
Ulm quart,;!;ites, 5/5. 
York, lead in, 379, 399. 

· ore deposits in, 379, 399. 
Newton, 25. 
Niagara limestone, 41 0. 

palrnontology of, 166, 267, 312. 
Nicholson range, 473. 
Nickel, 377. -
Nip and Tuck diggings, 401, 445. 
Nitric acid, 509. 

INDEX. 

Norites, tabulated descriptions, 667, 680. 
North La Crosse, 2~. 
Norths and Souths differ from Easts and 

Wests, 440, 550. 
North Wisconsin Junction, 143. 
Norwalk mineral well, 60. 
Norwegian's, 20, 21, 22, 23, 25. 
Nye, Mr., 404. 

o. 
Oakdale, 20. 
Oak Grove, :-15. • 
Oak in St. Croix district, 150. -
Ob6lelht polit~t. 13, 113, 115. • 
Obright, Mr., 42. 
·opservatory Hill, 666. 
Oceanic deposition of ores, 529. 

thermal springs, 52:3. 
currents, ::3ilunan, 5;)1. 

Ocher, 394, 507, 606. 
in Liturentian rocks, 606. 

Ohlerking's digging::;, ;:-,1;), '514, 515. 
Ohlerking, Mr., 510, .517. 
Oit City,· 44. 

well, 59, 60, 520. 
Olivine diabases, 627, 638. 
Onalaska, 28, 29. 
One-::~ided pitches, 480. 
Ontario, 14. 
Oolite, silicious, 125. 
Openings, 411. . 
Opening, dirt, 465. 
Openings, fiat, 456~ 468. 

cave, 456. . 
honey combed, 45f>. 
tumbling, 454, 462. 
mineral in, :369. 

Opeu-crevice deposits, 452. 
Ore deposits of Southwestern Wisconsin, 

. 365-56'7. . . 
accumulation in depressions, 536, 537. 
amount of ore, 489, 490 .. 
areas of, 39t:, 403. 
association of minerals, 377. 
changes in ores since deposition, 497, 

49i:l. 
concentration of ores, 550. 
depcsition, theories of, 367-375, 522-

549. . 
Mr. 1\furrish 's theory, 375. 
o~eanic deposition, 529-550. 
Dr. Owen's theory, 367. 
Dr. Percival's theory, "368-371. 
in crevices, 544-549. 
sublimation, 379, 522-525. 

771 

deposits of Southwestern "Wisconsin, 
deposition of thermal waterJ, 525-
52~. 

0 

Prof. Whitney's.views, 372-374. 
Order of deposition, 086, 4ti6, 471, 

472, 477, 479, 491-497. . 
derivation of, 367, 368, 370,' 372, 466, 

529. 
patch deposits, 439, 481. 
descent of ores, 368, 369. 
Diggings, see Diggings. 
Districts, see Districts. 
distribution of seve~·al ores, 404-407. 

barite, 406. 
copper, 405. 
iron, 405, 406. 
lead, 404. 
zinc, 404, 405. 

extraction of ·ores from sea water, 537. 
formations within which ores occur, 

407-419. 
iu Lower Magnesian limestone, 373, 

511-518. 
Potsdam Sandstone, 518-520. 
St. Peters Sandstone, 509-511. 
localization of, 373, 374, 400, 537, 

544-550. 
modes of occurrence, 451-482. 

breccia deposits, 457. 
cave openings, 456. 
cavernous channels, 465. 
fiats and pitches, 457-459, 469-

481. 
fl.a.t openings, 456. 
gash veins, 453. 
geodic caverns, 467. 
honey-combed openings, 455. 
horizontal sheets, 457. 
impregnations, 457. 
open crevices, 4b2. 
stockwerk, 457, 467. 
tumbling open"ings, 454. 
vertical seams, 452. 
order of deposition, 471. 
original source. of ores, 531-~35. 
ores associated with lead ·and 

zinc, 398. . 
organic acids as agents in ore· 

deposition, 372, 373, 540. 
present deposition, 550. 
probabilities below given hori­

zons, 567 . 
receptacles of ore, 452-481; see 

· Modes of occurrence above. 
relation of ores to chert or flint, 

408. 
to undulations of strata, 419-

438. 
to each other, 488. 
to igneous rocks, 369, 370. 

secondary minerals, 393-398. 
situation in str~Lta, 451, 549, 550; 

see Modes of occurrence above. 
stalactites of ore, 386-089, 480, 

495 .. 
strata within which ores o~ur, 

407-419. 
•. 
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Ore dep03its of South western Wisconsin, 
modes of. vertical distribution of . ores, 
43::-491, ~1-553. 

Ore.dtlposits in Alston Moor, 369. 
Archrean formations, 535. 
Arkansas, 378, 399. 

. · Carinthia, 373, 
· Derbyshire, 369.-
Devonian formations, 373. 
England,_ 369, 870.· · 
Georgia, 399. · 
Huronian formations, 373. 
Illinois, 378, 399. 
Kentucky, 379, 399... . 
Laurentian formations, 373. 
Lower Carboniferous formations, 373. 
Missouri, 37J, 378, 399. 
New Jersey, 399. 
New York, 379, 399. 
Pennsylvania, 399. 
Silesia, -373. 
Tennessee, 399. 
Tertiary, 373; 
Trias, 373. 

Ore deposits, •Origin of, 367, 372, 531, 535, 
Ore receptacles, 452: · · · 
Organic acids, relations to ore deposits, 

373, 540. 
Orion, 7, 7;3, · 
Orion lead mines. 73. 
Osceola Mills, 14:1, 175, 176. 
Oshkosh, 243; 2'44, 369. 
Owen, Dr. D. D., 70, 71, 185, 216, 419, 

509, 511, 586. 
on origin of ores, 367. 

Oxygenated zone, 54 7. 
Ozaukee, 314: 

P. 
Palreontology, .161-363; see Pal. index. 

of Potsdam, 63, 64, 113-122, 169-193, 
341-340. . . 

of Lower Magnesian, 81, 128, 194-
204. 

ofTrenton,90, 129,130,205-238,345-
347. 

of Galena, 239-247, 347; 348. 
of Hudson or Cincinnati, 248_:_266. 
of Niagara, 267-312. 
of Guelph, 313-319. 
of Lower Helderberg, 320-323. 
of :Uamilton, 3'24-340. 

Pelton, A. W., 71. 
Parallel pitches, 480. 
Patch deposits, 439, 481. 
Pearl spar, 392. 
Pease, Mr., 51. 
Peaslee diggings, 437. 
Peat of Upper Flambeau valley, 611 
Peavy's Mill, 48. 
Pegmatite granite, 587. 
Pelton's quarry, 279. 
Penitentiary range, 473, 474, 475. 
Pennsylvania, lead in, 399. 
Penokee region, 686. 

· ·range, 575. 

Pensaukee, 244. 
Pepin, 33, 34. 

county, 4, 36, 65, lOJ,. 117,·150. 
lake, 34, 56. - ' - · 

Percival,-Dr., 367, 371. 
investigations in Lead region, 419, 

427, 429, 433, 406, 441, 442, 459, 
491, 510, 513, 554. 

· grouping crevice.>, 442. 
Peridotite, .702, 710. 711. 
Peroxide ·of iron, 394; see Hematite. 
Pewaukee, 271, 281, 292, 305, 309. 
Phillips, 609. · 
Physical changes in ores, 497. 

Geog. of Mississippi region, 7. 
Pick mineral, ps6. . 
Pierce coullty, 4, 36, 65, 87,. 90, 101, 107, 

145, 151, 153, ·157. 
Pigeon diggings, 401, 404, 4q4. 
Pin Hook, 401, 443, 447. 
Pine in St. Croix district, 153. 

valley, 86. 
river falls, 692, 709, 717. 
forest of U. Flambeau valley, 614. 

Pipe-clay openings, upper, 413, 433. 
lower, 414. 

Pipestone in Barron county, 578.· 
Plants, fossil, 169. 
Plaster, 397; see Gypsum. • 
Platteville mining district, 400, 403, 404, 

434, 443, 445, 449. 
Platte Mounds, 411, 731, 747, 748. 
Plover, 717. 
Plum Creek, valley of, 33. 

Copper mine, 69. 
Poad, Capt. John; 470. 
Point Judas, 732. 
Pokegama Creek, quartzite on, 579. 
Pokeba.ma Lake, 611. 
Polycistines, 66. 
Polk County, 143. 
Point Bass, 627. 
Poplar in St. Croix district, 150. 
Porphyries, tabulated descriptions of, 649, 

650, 676-679. 
near Wausau, 665, 666. 

Porphyroid granite, 600. 
gneiss, 602. 

Porphyritic biotite-gneiss, 653. 
quartzites, 666. 

Portage, 652, 653. 
Porter's Grove diggings, 402, 444, 445, 450. 
Port Andrews, 14. · · 
Port de Morts, 289. 
Portland, 19. 
Potosi, 429, 4 33. 
Potosi Diggings, 401, 405, 432, 433, 443, 

445, 44 7' 538. 
Potsdam sandstone, former extent of, 580, 

627. 
hydrology of, 524, 526. 
palreontology of,• 163, 164, 169-194. 
relation to Barron county quartzites, 

575. 
Potsd~m sandstone of the Miss. Region, 

N. of Wis. R., 16, 18, 21, 241 27. 
;)1,.36, 38. 
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Potsdam building stone, 56, 57. 
copper in, 56. 
cross stratification of, 40. 
denudation of, 36. 
economical products of, 49-57. 
exposures of, 47-49. 
iron of, 49-56. 
layers of, 44. 
lithological characteristics of, 39. 
local sections of, 45-47. 
palreontology of, 63, 64, 169-194, 341. 
ripple marks on, 40. 
sections of, 4}-4-7; 

at La Crosse well, 60. 
a.t 01l City well, 59. 
at Prairie du Chien, 61. 
at Tomah, 60. 

stratification of, 39. 
thickness of, 41-45. 

Potsdam Sandstone of the L0wer St. 
Croix District, 107, 109-121. 

composition of, 111. 
cross lamination of, 119. 
description of layers of, 112. 
econ'omica,l products of, 122, 123. 
sections of, 112-123. · 

at Arcadia, 122. 
at Chippewa Falls, 118. 
at G1luert Creek, 121. 
at Hudson, 113. 
at"Menomonie, 114. 
at Somersett, 119. 
at Wilson, .120. 
at Eau Claire, 117. 

palreontology of, 63, 64, 169-194, 341. 
thickness of, 112. 

Potsdam Sandstone of the Lead region, 
418. 

undulations of, 420. 
ore in, 51~-521. 

Prairie river, 717. 
Prairie du Chien, 24, 45, 78, 83, 418. 

artesian well, 61. 
Prairie and terrace vegetation, 147. 
Pratten, Mr., 512. 
Precipitating agents in ore deposition, 

536, 537. 
Precipitation of ore3, 536. 
Present deposition of ores, 550. 
Preston Point, 467. 
Prescott., 4, 65. 
Prospecting, surrgestions rela.ting to, 560. 
Protozoa, 267-270. · 
Pteropoda, 17 5. 176, 225. 
Pumpelly, Prof. R., 533. 
Pyrites, iron, see Iron pyrites. 

copper, see Copper pyrites 
Pyrite, see Iron ores. 
Pyrolusite, 397. 

iron in hyposyenite, 596. 

Q. 
Quarry rocks, 413. · 
Quarries, Flemming's, 78. 

Hale's, 78. 
Q.uartering crevices, 440. 

Quart.z, scarcity as gangue in I~ead region, 
377, 378, 392. 

veins in quarlzite, 577. 
in gneisses, Grand Rapids rocks, 628. 
tabulated descriptions, 659. 
porphyries. 649. 650, 677, 678, 679. 

Quartz schist, 521, 599, upper, 681, 682. 
Quartzites, 665, 669, 685. 

in Barron and Chippewa counties, 577. 
·origin .of, 578. . 

• ripple marks on, 578. 
veins in, 577. 
age of, 575, 576. 
strike of, 576, 577. 
dip of, 576, 577. 

of Baraboo, 575. 
of New Urm, 572. 
of St. Croix river, 575. 

Quartzose biotite schist, 708. 
Quaternary formations of Mississippi dis"! 

trict, 92-98. 
Glacial, 92. 
Cham.plain, 92-95. 
recent, 95-98. 
of St. Croix district, 131-138. 
surface features of, lJl-138 .. 
topography, un. 

of St. Croix river basin, 131. 
of Chippewa river basin, 136. 

elevation of, 188-140. 

R. 

Racine, 270, 277, 278, 279, 281, 283, 284, . 
285, 286, 287, 292, 293, 297, 300, 
305, 008, 312. 

Limestone, fossils of, 270, 271, 273, 
276, 277, 278, 279, 281, 283, 284, 
285, 286, 2~J. 291, 292, 293, 294, 
295, 297, 299, 301, 305, 306, 307, 
311, 312. 

Raccoon creek, valley of, 28. 
Radiate, 241, 248, 270-279, iH3, 314. 
Ranges, mineral, direction of, 446, 450. 

Atkinson, 440, 447, 459, 461, 563. 
Beetown, 445. 
Big Patch, 449. 
Black Jaclr, 473. 
Crow Branch, 445. 
Darlington, 445. 
Dodgeville; 450. 
Duke's .Prairie, 445. 
Elk Grove, 449. 
Linden, 445. 
Long & Wooley, 433. 
Menomonee, 4!5. 
Mifflin, 401, 445, 449. 
Mineral Point, 445, 510. 
Moundville, 4.50. 
Muscalunge, 440. 
Nicholson, 473. . 
Penitentiary, 473, 474, 475. 
Platteville, 445. 
Potosi, 445. 

Rapids on Prairie river, 704, 710. 
Rattlesnake, valley of, 564 . 

• 
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·Recent formations, 95-98. 
period, 95, 133-135. 

sinks of, 97. 
calcareous deposits of, 96. 

Receptaculites, 76, 81, 410. 
· of ore deposits, 452. 

Red Rock, 429, 430, 437, 487. 
river, 276. 
Dog, 401, 442, 443, 447, 464. 
ocher/394:; see Hematite. 
Dog Bluff, 429. 
iron ore, 394; see Hematite. 
chalk, 53. · 
Cedar, elevation of, 140. 

· Cedar river, 134, 137. 
Reedstown, 16, 47. 
Relative quantities of blende and galena, 

472. 
position of blende and galena, 472, 

475. 
Relation of ores to each other, 488. 
Relative order of ore deposition, 471. 
Residual clay; 400. 
Reticulated galena, 384-386. 
Review, Historical, 367. 
Rhine, 279, 291. 
Rib Falls, 700, 701. 

Hill, 669, 685. 
river, 694, 695, 696, 697,. 698, 699, 

701, 717. 
rapids, 694, 695. 

Rice Lake, 575, 577. 
Richland Center, 8, 50. 51, 79. 

county, 3, 4, 36, 48, 64, 79, 85, 97, 
200, 405, 406. 

town (;f, 7. 
Richmond, elevation of, 140. 
Rich wood, 13. ' 
Ridgeville, ·15. 
Ridgeway, 445. 
Ripon, 266. 
Ripple· marks, 578. 
River Falls, 69, 87, 132. 

elevation of, 139. 
Improvement Co., 53. 

Roaring river, valley of, 33. 
Roberts' mine, 469, 472. 

quarry, 253, 255, 256. 
stone, 186. 

Robbins mine, 462-464 •. 
Rock county, 745. 
Rockbridge, 8. 

village, 47. 
Rockton, 14. 
Rocky Carry Rapids, 600. 

lsland, 711. 
Roche a cris bluff, 172. 
Rock Falls, 114. 

· elevation of, 139. 
mills,·391. 
Prairie, 151. 

Rocks of the Rib River valley above Mare.­
thon City, 692 .. 

JJpper Eau Claire river, 686. 
Wisconsin river valley, from Pine 

river to Grandfather Bull Falls, 
702. . 

• 

Rockil of the Wisconsin river valley, froin 
Junction City to Mosinee, 650. 

vicinity of Gnmd Rapids, 627. 
'\Va,usau, 661. 

Rockville, 273, 401, 443, 447. . 
"Roll " of fla.ts and pitches, 477. 
Rominger, Dr; C., 279. 
Rosenbusch, 666, 667. 
Ross & Henry·Mine, 471, 473. 
Ross lake, exposures at, 125. 
Rush river, 131, 132, 140. 

valley of, 34. 
elevation of, 140. 

s. 
" Saddle " deposit of ore, 480. 
Salem, 27, i:i4. 
Sahlite, 606. 
Salisbury, R. D., 389. 
Salts of ancient ocean, 372. 
Sand creek, section of cliff on, 4.2. 
Sandstone, 9. 

Potsdam, . see Potsdam sandstone. 
St. Peters, see St. Peters sandstone. 

Sandusky, 5~. · 
Sauk County, 3. 

ore in, 406. 
quartzite, 576. · 

Saukville, 271. 292. 
Sargasso Seas (Silurian), 533. 
Seales Mound, 406. 
Schists, Tabulated description of, 660. 

augite, 684, 694-696. 
hornblende, 637-654, 69.4-696. 
Huronian, 660. 
mica, 689-691, 697. 

, quartz, 681, 682. 
Schistose gneisses, 712. 
Schmidt, Dr. A., 407. 
Schmidt ranges, 419. 
~choonmacker's quarry, 277, 295, 297, 301, 

306. 
Schott, C. ~~ .• 730, 754. 
Scolithus, 716. 
Scott, 15. 
Seaweed, metals in, 530, 537. 
Secondary minerals of Lead region, 393. , 
Sections, geological. at Woodstock, 96. 

at Arcadia, 122. 
at Big Bull Falls. 670. 
at Bluff on the Kickapoo, 43. 

on Mississippi, 44. 
at Boaz, 45. 
at C. & N. W. R. R. Tunnels, 9, 4.6. 
at Chippewa Falls, 105, 118. 
at Cliff on Sand creek, 42. 
at Eastll}an, 21, 24. 
at Eau Claire, 117. 
at Genoa, 28. . 
at Gilbert creek, 121. f 
at Hillsboro, 9. 
at Hudson, 113. 
at Jewett's Mill, 126. 
at La Crosse, 60. 
of Lower Magnesian Limestone, 125-

127. 
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Sections, g"eological, nt Menomonie, 114. 
at Oil City Well. 59. · 
at Orion Lead mine, 73, 74. 
of Potsdam of Miss. Di.st., 41-47. 

in St. Croix Dist., 109 et seq. 
at Somersett, 119. 
at Star Prairie, 127. 
at 'l'omah Well, 60. 
in TJ nion. 18. 
at Willow river, 125. 
at Wilson, 120, 128. 

Seeleyburg, 14. 
Segregation, 559. 
·Segregation of minerals, M2, 544. 
Selective chemical affinity, 552. 
Shawneetown, 448. 
Sheboygan, 271, 314, 316. 
Shullsburg mining district, 402, 404, 405, 

406, 407, 445, 449. 
Sheet deposits, vertical, 452. 

horizontal, 457. 
" Sheet lot," 448. 

mineral, :384. 
Sheldon, 14. 
Sheldon & Graham's mills, 59. 
Shelby, 28. 
Sherman, elevation of, 140. 
Sherrill Mound, Iowa, 739. 
Siderite, 394; see Iron ore. 
Siebott, lL, 60. 
Signals for triangulation, 727. 
Silica, f:lee Quartz. · 
Silesia, 373, 508. 
Silurian geography, 531. 

Upper, lead and zinc ores in, 373. 
ocean currents, 373. 

Silver in lead, ::180, 082. 
creek, 608. 

s;ngle's Mill, 66:1, 669, 685, 
Sinks, 97, 545, 561. 
Sinsinawa Mound, 411, 429. 
Sioux quartzites, 579. 
Skinner creek, 609. 
Smith, J. M., 386. 
Smith's range, 473. 
Smitbsonite, 395, 469, 492. 
So bey & Davey mine, 468, 469. · 
Soft Maple creek, 579. 
Soils and subsoils of St. Croix d1strict, 

155-159. 
origin of, 156. 
kinds of, 156. 

argillaceous, lG7. 
calcareous, 157. 
carbonaceous, 158. 
silicious, 156. 

of Upper Wisconsin valley, 718, 721, 
722. 

Soil, its color, a guide to mining, 562. · 
of Upper Flambeau valley, 614, 615. 

Solution of disseminated ores, 539. 
Somersett, 119. 

elevation above Lake Michigan, 120, 
140. 

section at, 120. 
South :MifHin diggings, 401. 

Galena, 406. 

South Miffiin .Fulls, G03. 
Spanish Triangulation, 7]8. 
Sparta, 20. . 

mineral waters of, 57-59. 
Spathic iron ores, 394:; see Siderite. 
Speckle-Jack, 388, 449, 474, 475. 
Spensley's Branch, 436. 
Spenser's Range, 446. 
Sphalerite, 387; see also Zinc ores. 
Springfield, 68, 78. 

elevation of, 140. 
Spring Valley Mine, 4.44. 
Spring Green, 10, 728, 729, 749, 754. 

tl'igonometrical base, 754. 
valley of, 12. 

Stalactite8, 96~98. 
of ores, 386-089, 480, 495. 
of lead, 386. 
of zinc, :388. 
of pyrite, 089. 
o£ calcite, 389. 

Stalagmites, 96, 98. 
of ores, 480. 

Stanton, elevation of, 140. 
Staurolite, 590, 606. 

relation of its crystals to containing 
rock, 606. 

Star Prairie, section at, 127. 
elevation of, 140. 

State Park, 610. 
St. Croix, valley of, 36. 

river basin, 131, 133. 
county, 101, 106, 107, 119, 121, 151, 

157. . 
topography of, 131. 

St. Croix District, geology of, 99~159. 
general geology of, 105-108. 
Archann formation of, 109. 
Potsdam sandstone of, 109-123. 
Lowt·:r Magnesian limestone of, 123-

129. 
. St. Peters sandstone of, 129. 

Trenton limestone of, 129. 
Quaternary formations of, 131. 
elevations in, 101)-140. 
hydrology of, 141-145. 
vegetation of, 146-154. 
soils and subsoils, 155--159. 

Sterling, 22, 25. 
Sterling, Wm. T., 70. 
Sterling, Mt., 2:2, 89. 
Stevens Point, 650. 
Stevens, R. P., 337. 

Mr. M., 5t36. 
St. Joseph, elevation of, 140. 
Stockwerk, 432, 457, 467. 
Stockbridge, 264. _ 
Stopline diggings, 402. 
St. Peters sandstone, 81, 87, 106, 107, 129, 

415-117, 435. 
thickness of, 16, 18, 21, 25, 27, 31, 38-

83, 129. 
color of, 129. t · 
composition of, ~2. 129. • 
denudation of, 87. 
economic products of, 83, 129. 
exposures of, 80-87. 
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St. Peters sandstone, former extent of, 87. 
of Lead region, 435. 
lithological characteristics of, 82, 129. 
ores of, 509-511. ' 
stratification of, 82. 
unconformity of, 82. 
undulations of, 421. 

Straight, Mr., 127. 
Stratification of St. Peters, 82. 

Potsdam, 39. 
L. Magnesian, 68. 

Strata of Lead Region. 407. 
undulations of, 419. 

due to disturbance, 422. 
deposition, 420. . . 

Strawberry blende, 3S8,.459. 
diggings, 400~· 
Jack, 474, 475. 

Strire, 611. 
Strong, Moses, 2, 101, 200, 367, 405, 411, 

412, 414, 415, 427, 431, 453, 573. 
Stump Grove diggings, 449. . 
Sturgeon Bay, 271, 274, 281, 287, 292, 305. 
Sub-Carboniferous, ore deposits in, !379. 
Sublimation theory of ore deposit, 079, 522. 
Subsoils, see Soils. · 
Sugar bush, 61. 
Sulphuretted zone, 547. 

hydrogen, 537, 546, 547, 549. 
. agency in precipitating ores, 372. 
Sulphuret of lead, 380; see Galena. 

iron, 388; see Pyrite. 
baryta, 398. 

Sulphur, 388, 390, 393. 
Sulphu.te of iron, 393; see Melanterite. 
Sumner, 573. 
Superficial Geology of Upper Wis. valley, 

715. 
Surface Geology of Mississippi region, 

7-37. 
aspect of lodes, 438. 
erosion of lodes, 497. 

. contour, its relation to lodes, 563. 
Sunflower Coral, 410. 
Swamps, 95. 

tamarack, 9, 13, 15, 95. 
Sweet, E. T., 175, 573, 576. 
Swenson, Mr. M., 629. 
Swindler's ridge, 403. 
Syenite in Up. Flambeau valley, 598, 599, 

605, 620. 
Sylvan, 14. 

Corners, 86. . 
Synclinals of Lead region, 435. 

T. 
Table of amount of silver in galena, 382. 
Tabulated microscopic rock descriptions, 

Grand Rapids, 631-638. 
between Knowlton and Mosinee, 660. 
Eau Claire river, ~7-691. 
Junct. City and Knowlton, 652, .654. 
Little Bull Falls, 655-659. 
Lower Eau Claire river, 680. 
Marshall Hill, 681-683. 

Tabulated microscopic rock descriptions, 
•Merrill, 704-708. 

Pine river, 709. 
Prairie river, 710. 
Rib river, 694-701. 
Stevens Point, 640-644. 
Trap river, 684. 
'Qpper .Wisconsin, 709, 710. 
Wausau and vicinity, 661, 670-679, 

68.5. 
Wis. river, 652-660: 
Yellow river, 645, 649. 

Tamarack swamp, 9, 13, 15, 95. 
· creek, valley of, 30. 

of St. Croix district, 154. 
Taylor, Mr. Pliilo, 52. 

· ·Taylor County, 717. 
Tennessee; ore deposit in, 399. 
Territory described in Part I, 4. 
Thermal-water theory of ore deposit, 525. 

springs, relation to ore deposit, 373, 
374. 

in ocean, 528. 
Three Rolls, Eau Claire river, 687. 
Theories of ore deposition, 522. 

sublimation, 379, 522. 
thermal water, 525. 
oceanic deposition, 529. 
requirements of, 374. 

Thomas, L., 77. 
Tiff', 371; see Calcite. 
Tiffany, elevation of, 140. 
Till, or JP'Ound moraine, 719. 
Till of U. Flambeau valley, 612. 
Titanic iron, 606. 
Tomah, 13, 44. 
Tomah. well, 60, 520. 
Topography of St. Croix river basin, 131. 

Upper Flambeau valley, 607-610. 
Tourmaline, 594, 606. 
Towerville, 79. 
Towns described in Part I, 4. 
Town 4, range 1 ea.st, 7. 

to, range 1 ·east, 7. 
11, range 1 east, 8. 
12, range 1 east, 8. 
13, range 1 east, 8. 
14, range 1 east, 8. 
15, range 1 east, 9. 
16, range 1 east, 9. 
17, range 1 east, 9. 
18, range 1 east., 9. 
19, range 1 east, 9. 
9, range 2 east, 10. 

10, range 2 east, 10. 
11, range 2 east, 10. 
12, range 2 east, 10. 
10, range 2 east, 10. 
8, range 3 east, 10. 
9, range 3 east, 10. 

10, range 0 east, 10. 
11, range 3 east,· 11. 
12, range 3 east, 11. 
13, range 0 e_ast, 11. 
9, range 1 west, 11. 

10, range 1 west, 11. 
11, range 1 west, 12. 



TOwn 12, range 1 west, 12. 
18, range 1 west, 12. 
14, range 1 west, 12. 
15, range 1 west, 13. 
16, range 1 west, 13. 
17, range 1 west, 13. 
18, range 1 west, 13. 
19, range 1 west, 13. 
9, range 2 west, 13. 

10, range 2 west, 14. 
11, range 2 west, 14. 
12, range 2 west, 14. 
13, range 2 west, 14. 
14, range 2 west, 14. 
15, range 2 west, 14. 
16, range 2 west, 15. 
17, range 2 west, 15. 
18, range 2 west, 15. 
19, range 2 west, 15. 
8, range 3 west, 15. 
9, range 3 west, 15. 

10, range 3 west, 16. 
11, range 3 west, 16. 
12, range 3 west, 16, 
13, range 3 west, 16. 
14, range 3 west, 17. 
15, range 3 west, 17. 
16, range 3 west, 17. 
17, rangJ 3 west, 17. 
18, range 3 west, 17. 
19, range 3 west, 18. 
7, range 4- west, 18. 
8, range 4 west. 18. 
9, range 4 west, 18. 

10, range·4 west, 19. 
11, range 4 west, 19. 
12, range 4 west, 19. 
13, range 4 west, 19. 
14, range 4 west, 19. 
15, range 4 west, 19. 
16, range 4 west, 20. 
17, ranga 4 west, 20. 
18, range 4 west, 20. 
19, range 4 west, 20. 

7, range 5 west, 21. 
8, range 5 west, 21. 
9, range 5 west, 21. 

10, range 5 west, 21. 
11, range 5 west, 22. 
12, range 5 west, 22. 
13, range 5 west, 22. 
14, range 5 west, 22. 
15, range 5 west, 22. 
16, range 5 west, 23. 
17, range 5 west, 23. 
18, range 5 west, 23. 
6, range 6 west, 24. 
7, range 6 west, 24. 
8, range 6 west, 24. 
9, range 6 west, 24. 

10, range 6 west, 25. 
11, range 6 west, 25. 
i2, range 6 west, 25. 
13, range 6 west, 25. 
14, range ·6 west, 26. 
15, range 6 west, 26. 
16, range 6 west, 26. 

INDEX. 

Town 17, range 6 west, 26. 
18, range 6 west, 27. 
11, range 7 west, 27. 
12, range 7 west, 27. 
IB, range 7 west, 28. 
14, range 7 west, 28. 
15, range 7 west, 28. 
16, range 7 west, 28. 
17, range 7 west, 29. 
18, range 7 west, 29. 
19, range 7 west, 29. 
20, range 7 west, 29. 
17, range 8 west, 29. 
18, range 8 west, 30. 
19, range 8 wer;t, 30. 
20, range 8 west, 30. 
18, range 9 west, 30. 
19, range 9 west, 30. 
20, range 9 west, 30. 
18, range 10 west, 31. 
19, range 10 west, 31. 
20, range 10 west, 31. 
21, range 10 west, 31. 
19, range 11 west, 31. 
20, range 11 west, 32. 
21, ran_ge 11 west, 32. 
20, .ra.nge 12 west, 32. 
21, range 12 west, 32. 
22, range 12 west, 32.' 
23, range 12 west, 32. 
24, range 12 west, 33. 
22, range 13 west, 33. 
23, range 13 west, 33. 
23, range 14 west, 33. 
24, range 14 west, 33. 
25, range 14 west, 34. 
23, range 15 west, 34. 
24, range 15 west, 34. 
25, range 15 west, 34. 
24, range 16 west, !14. 
25, range 16 west, 34. 
24. range 17 west, 35. 
25, range 17 west. 35. 
25, range 18 west, 35. 
26, range 18 west, 35. 
26, range 19 west, 35. 
27, range 19 west, 35. 
27, range 20 west, 35. 

Trapp river, 664, 669, 675. 
granite, 665. 

Travertine, 97, 98. 
Trempealeau, i3Q. 
Trempealeau county, 3, 4, 36. 

rn,rer, valley of, 31. 
mountain, section of, 41. 

Trenton, 3/i 
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Trel1!ton limestone. se.e also Buff and Blue 
· Limestone, 18, 21, 24. 88-90, 10.'>, 

106, 129, 130, 412-415. 
carbonaceous matter in, 525. 
economi-cal .products. 88, 89; see also 

Ore deposits. 
exposures of. 89, 90. 
former extent of, 90. 
lithological characteristics of, 88. 
palreontology of, 90, 130, 164, 165; 

205-238, 345, 414. 
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Trenton, undulations of, 421. 
Triangulation, 727. 

of Great Britain, 737. 
Triangles, measurement of, 730. 

estimation of sides, 731. 
Trigonometrical stations, 747. 
Trilobites, 63, 80, 110, 113, 121. 

in Potsdam sandstone, 163. 
Heds, Hudson, 109, 110, 112. 
Beds, Eau Claire, 109, 110, 112. 

Trimbelle, 35. 
elevation of, 140. 

Tripods, 728. 
Trout Creek, valley of, 33. 

Lake, 610, · 
Troy, elevation of, 140. 
Tumbling openings, 454, 462. 
Tunnel City, 15. 
Turgite, 394. 
Turtle Creek, 595, 608. 

Falls, 595; 
rocks above, 597 •. 

u. 
Undulations of Strata in Lead region, 371, 

4Hl-438. 
due to deJ)osition, 420. 

disturbance, 422. 
Laurentian Rocks, 424. 
Huronian Rocks, 424. 

Union, 12, 18, .34, 744, 745. 
University, State, 625. 

Lawrence, 625. 
Upheaval of Strata, 370. 
Upper Calcareous band, 110. 

Coral beds, fossils of, 271, 274, 291, 
292. 

Menomonee Mining District, 403, 445, 
448. 

Pipe clay "openings, 413. 
Wisconsin Y alley, 715. 

Uralite gabbros, 692, 702. 
alteration products, 621. 

Utica, 19, 21, 22. 

v. 
V al!ey drift of Miss. and Wis. rivers, 92. 

flood deposits, 717. 
Van Meter's range, 445, 450. 

quarry, 402. 
Va,nhise, U. R., 623, 625, 662. 
Vegetation, 722. 

of St. Croix district, 146-154. 
prairie and terrace group, 147-150. 
oak and poplar group, 150-152. 
hardwood and conifer group, 152, 153. 
pine group, 153. 
gra-ss and sedge group, 154. 
tamarack group, 154. 
in relation to crevices, 544, 561. 
of Up. l!"lambea.u valley, 610, 614, 

615. 
Vein quartz, 659. 
V uins, gash, 453, 454. 

Vernon county, 3, 4, 36, 48, 63, 79, 84, 97. 
ore in, 405, 406. 

Vertical distribution of barite, 491, 492. 
iron, 490. 
copper, 49L 
calcite, 491, 492. 
of ores, 488, 551. 
ore 1:1eams, 4.">2. 
sheet ore deposit, 452. 

Victoria range, 510. 
Victory, 27. 
Vinegar Hill lodes, 403, 437. 
Viola, 48. 
Viridite, 606. 
Viroqua, 19, 83, 84, 85, 89. 

w. 
Wad, 397. 
Wallace, W m., 369. 
Warren, elevation of, 138. 
Ward & Hearn; 511. 
Washington, 11, 22. 
Waterfalls, 17. · 
Watertown, 207. 
Waterloo, 256. · 
Waterville, 34. . 
W aubakee, 3~0,. 321, 323. 
Waukesha, 270; 271, 281, 284, '285, 286, 

287, 292,. 293, 302, 303, 305, 306, 
312. 

beds, fossils of, 279, 281, 292, 297, 
302, 305 .. 

Waumandee, valley of, 32. 
town of, 32; 

Waupun, 245. · 
Wausau. 62.5, 668, 670, 672, 676, 677, 678, 

679, 712. 
granite, 686. 

Wauwatosa, 271. 273. 276, 279, 286, 287, 
291, 292, 293, 294, 302. 

Wauzeka, 21. 
Webster, 16. 
Wells, 17. 
Wellington, 13. 
West Blue Mound, 402. 
Westford, 10. 
West Platte Mound, 393 
Wheatland, 25, 27. 
Whig Diggings, 400, 434, 443, 449. 
White Fish Bay, 326, 327, 335, 336, 337, 

338, 339, 340. 
White iron pyrites, 390; see also Marcasite. 

lead ores, 394; see Cerussite. 
mica, 578. 

White Oak springs, 403. 
Whitfield, Prof. R. P., 161, 173, 179, 533. 
Whitney, Prof. J. D., 93, 384, 397, 414, 

425, 431, 432, 434, 437, 467, 
480, 510, 514, 759. 

· his theory of ore de1;>osits, 371, 375.. 
objection to, 372, 373. 
of crevices, 372. 

Whitestown, 14. 
Whitewater, 244, 24.5, 246, 247. 
Whittemore, J.D., 750. 
Wichmann, Dr., 617. 
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Willow, 10. 
Falls, 134. 
river, 131, 141. 
River Beds, 106. 

Wilson, section at, 120, 128. 
James, 439, 441, 447, 448, 516, 

Wilton, 18. 
Williamstown, 315. 
Winchell, Prof. N.H., 171, 173, 174, 194, 

416. 
Wingville mines, 401, 

ran~e, 401, 444, 450. 
Wiola district, 402, 437. 

diggings, 429, 445, 450. 
Wisconsin Academy of Science, 516, 525. 

Isle, 531. 
river, course of, 425, 675, 706, 707, 

708. 
Valley, 625, 650. 

crystalline rocks of, 623, 627. 
superficial geology of, 715-

719. 
Woodland, 10. 
Woodstock, 12, 79, 96. 
Wood, J. W., 178. 

river, 717. 

Wooster, L. C., 99, 100. 
Worthen, Prof. A. H., 240, 268,426, 444. 
Wight, Dr. 0. W., 3. 
Wright, C. E., 625. 
Wyoming, 732, 733, 735. 

Y. • 
Yell ow copper ore, 390 ; see Cb alcopyrite. 

iron pyrites, 388; eee Pyrite. 
river, 649. 

Yellowstone digg~ngs, 402, 437, 450. 
Young, Dr. W. M., 62. 
Yount l9t, 448. 

z. 
Zinc, associated with lead, 318, 489. 

carbonate, 395; see Smithsonite. 
bloom, 396; see Hydrozincite. 
ores of lead region, 380 et seq. 
sulphate, 396; see Goslarite. 
sulphide, 387; see Sphalerite. 
total yield of, 489. 

Zone of oxidation, 509. 
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PLATE 1. 
PAGE. 

p AJ,A!:OPIIYCUS PLUMOSU~-W ..........•••.•..••• , . . . . . . • • . . . . 169 
View of the specimen used in description. 

LINGULEPIS PINNIFORl\IIS- Owen ....•.....••••..••..•..••..... 169 
View of a small dorsal valve. 
View of a ventral valve of ordinary form. 

0RTrtrs P·EPINA- Hall ........................................ . 
Cast of a dorsal valve. 
Cast of a ventral valve. 

LEPTA!:NA BARABUENSIS- Winch 

170 

171 
Fig. 6 and 7. Casts of a dorsal and a ventral valve, enlarged to two diameters. 

PAL2EACHMEA lRVINGI- w .................................. 173 . . 
Fig; 8 and 9. Vertical and lateral views of one of the more perfect specimens. 

0PHILETA. (RAPHISTOMA) PRIMORDIAL IS- Wi11ch. . . . . . . . . . . ... 173 
Fig. 10. Lateral view of a small individual enlarged to two diameters, showing the elevation. 

11. Upper view of a larger individual, natural size. · 

H YOLITiiES PUIMORDIALIS- Hall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175 
Fig. 12. View of a fragment of rock containing two individuals. 

BELLEH.OPIION ANTIQTTATUS- W. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . 176 
Fig. 13 and 14. ,Back and profile views of a specimen, enlarged to two diameters. 

CONOCF;PII.ALITES? QUADRATUS- w ............................ 180 
Fig. 15. View of a glabella and fixed cheeks, enlarged to ten diameters. 

16. View of the mu.ler side of a right cheek showing the extant of the margin9.l rim, en­
larged to six diameters. 

AmON ELL US CONVEXUS- W ....................... : ..... · ..... 190 
Fig. 17. View of the glabella and fixed cheeks, natural size. 

ELT~IP'l'OCEPIIAJ.,US CUH.TUS- w .......................... · ..... 191 
Fig. 18. View of the head, natural size, the movable cheeks being absent. 

AGRAULOS (BATHYuRus ?) WoosTEIU- W ..................... 189 
Fig. 19. View of a nearly perfect cast of the head. 

20. Outline profile of the same. 
21. Cast of a pygidium. 

CREPICEPJ.IALUS ONUSTUS- W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182 
Fig. 22 and 23. View of the central parts of the head and an outline profile of the sa.me. 

PTYCIIASPIS GRANULOSA- Owen sp ......... · ................... 185 
Fig. 24. View of a head which is destitute of the movable checks, and with b1p3rfect pos· 

terior limbs. ~ 

P•rYCHASPIS MINUTA- W ...................................... 186 
Fig. 25. View of a movable cheek, greatly enlarged. 

20. The glabella and fixed cheeks, greatly enlarged. 

CONOCEPHALUS (J:'•rYCIIASPIS) EXPLANATUS- W · .... .. ... 181 
Fig. 27. View of an imperfect head, natural size. . 

2~. Outline profile of the same, showing the curvature and elevation of p:uts. 

... 
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PLATE 2. 
P.A.GB. 

ARENICOLITES WOOD I-w : ......... ' . . . . . . . . . . . . . . . . . . . . . . . 177 
Fig. 1. Vertical section of a layer of sandstone containing the borings, showing their 

irre&'}llar character. Near the middle along the upper margin is a series of the 
semilunate borings showing their juxtaposition. 

2. View of the summit of the same block as fig. 1, showing several series of the semi­
lunate borings. 

8, View of a. part of the upper surface of a large block of sandstone, showing the 
little hillocks found around the o~gs on the _natural surface, and also the 
trailings and horizontal borings of the worms. 
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Fig. 1. 

Fig. 2. 

3. 
4. 
5. 

Fig. 6. 

PLATE 3. 
PAGE. 

DrKELLOCEPHALUS MrNNESOTENSIS- Owen . • • • . • • • . . • . . • • • • • • • 187 
View of a small_imperfect pygid.ium. 

CONOCEPHALITES 0ALYMENOIDES- W .......• · .. · ............ 179 
View of a specimen showing the body and a part of the head, as obtained by gutta-

. percha from the natural mould. Enlarged to two diameters. 
View of a glabella and fixed cheeks. Two diameters. · 
A se~ment from the upper part of specimen fig. 2, enlarged to four diameters. 
Outlme of the segment, showing the elevation of the lobes. Two diameters. 

LEPT1ENA BARABUENSIS --Winch .............................. 195 
View of a cast of a ventral valve, enlarged ~ two diameters. 

SclEVOGYRA SwEZEY I- W .... ·. . • . . . . . . . . . . . . . . . . . . . . . . . . • . . • . 198 
Fig. 7 and 8. View of the spine an(! back view of a cast of the species, very slightly restored 

on the middle vofution. -
9. A restored figure of the aperture, from the above specimen. . . 

SC2E'f0GYRA OBI.IQUA- w ..................................... 199 
Fig. 10. Back view of the specimen, natural size. 

SC1EVOGYRA ELEVATA- w .................................... 199 
Fig. 11. Lateral view of the specimen used in description, restored at the upper part, from a 

gutta-percha cast in the natural mould. 

METOPTOl\IA SIMILIS- W ... .' .. •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196 
Fig. 12 and 13. Dorsal and outline profile views of the specimen described. 

METOPTOMA RECURVA- W ................ · ... · · .. · .•..• ··•• • 196 
Fig.14 and 15. Vertical and profile views of a large specimen, both figures somewhat re­

stored. 

METorTol\IA BAnAnuENsrs- ·w .................•...•......... 195 
Fig. 16 and 17. Vertical and lateral views of a large specimen. 

METOPTOMA RETRORSA- W ......•.......•... •· · • •· · · •. • • • .. · 197 
Fig. 18. Lateral view showing the commencement of the recurving of the apex. 
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Euo:r.rPHALus 81'RONGI- W ......••...•.••••.••.•••.•••.••• · 200 
Fig. 1 and 2 .. Lateral and profile views of a very well preserved. specimen. 

lLLJE~UHUS CO:"irVEXUS- W ..................... , . . . . . . . . . . . . . 203 
Fig. 3 and 4. View of the glabella and fixed cheeks and outline profile of the same. 

5. View of a pygidium of the species. 

Fig: 6. 
7. 
8. 
9. 

10. 

DmELLOCEPHAr.,us HAHABUENSIS- W ........•..••..•....•.... 2Ql 
View of the glabella and fixed cheeks of a well preserved specimen of full growth. 
Outline profile of the same. 
View gf a left cheek supposed to belong to the species. 
A pygidium referred to the same. 
View of a left cheek of.a .different form and species from fig. 8, but associated 

with it. . . · 

Dm:ELLOCEPJIALUS EATONI- w ............................... 202 
Fig. 11. Upper view of a large imperfect head of the species. 

12. Front view of the same, showing the great breadth of the thickened anterior 
marginal rim. 

13. Lateral or profile view of the same, showing the great convexity. 
14 and 15. Upper and lateral views of a left cheek of the species. 
16. Upper view of an imperfect right cheek. 
17. V1ew of a pygidium found associated with the other parts and supposed to belong 

to the species. _ . 
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Ir.LiENUS OVATUS- Conrad ..•...•••..••.•••.•••..••.•••••••.••. 2:)8 
Fig. 1. View of a small nearly entire cast of this species, from the Buff limestones of Beloit. 

2. View of a larger head, destitute of movabfe cheeks, from near the same place. 

ASAPHUS Sus.£- Calvin . • • • . . • • . . • • . • . • • • . • • • . . • • . . • • . . . . . . • • 236 
Fig. 3. Dorsal view of a specimen from the Trenton formation just south of the state line. 

The thorax has been shortened by one of the segments being crowded beneath. 

AsAPHUS HmrALONOTOIDES- Walcott ...•••..••.•••...•..•...•• 237 
Fig. 4. View of the pygidium described. 

A~mONYCHfA LAl\fELLOSA- Hall . . . . • • • . • . • . . • • . . • • . • • • . • • • . • • • 205 
Fig. 5. View of a cast of a right valve of about the average form. 

A~IBONYCHIA ATTENUATA- Hall ......•..•...••.•••..••.•••..•• 206 
Fig. 6. View of the left side of a specimen from Hanchett's quarry near Beloit. 

CYPRICARDITES MEGAMBONUS- W . . . . . . . . . . . . . . . . . . . . . . . . . . . 210 
Fig. 7 and 8. View of the right side and antero-cardinal view qf an internal cast from 

Hess' quarry, near Beloit, Wisconsin. 

CYPHICARDITES VENT.RTCOSUS- Hall •••.•••..••.•••..••..•••••• 209 
Fig. 9. View of a left valve from Hess' quarry, Beloit. 

CYPRICARDlTES NIOTA -H·tll .......... ' .......... ' ... ' ....... 208. 
Fig. 10. View of the left side of a well \Or:n~l spaJimen from HesJ' qu:~.rry, Beloit. 

CYPRICARDITES IWTUNDATUS- Hall •.....•.•••.. · •..•••• o o •••• 203 
Fig. 11. View of the left side, showing the more erect form than that of C. niota. 

TELLTNOMYA NASUTA- ~all........... . . .. ................. 207 
Fig. 12. View of a right valve of medium size, Hess' quarry, Beloit . . 

METOPTOMA PEROVALIS- Ylf ................................... 211 
Fig. 13 and 14. Dorsal and lateral views of the typa specimen. Below Carpanter's quarry, 

Beloit. 

CYCLONEMA PEUCAlUNATUM:- Hall ........ , ................. 211 
Fig. 15. Lateral view of a specimen showing the revolving lines. Carpanter's quarry, Beloit. 

MURCHISONIA TRICARINATA-Hall ........••••..•.•.•.••...•• 212 
~ig. 16. Lateral view of a cast of the ordinary size; when the spacimens grow larger than 

this the volutions become disconnected and pass into the next species. 

MuncnrsoNrA HELICTERES- Salter .................. o ••• o ..... 220 
Fig. 17. View of the cast of a large individual showing the expansion of the aperture. 

Hess' quarry, Beloit. . 

MURCHISONIA VENTRICOSA- Hall ... · • ..•.. · · · .. · · · · ·. · · · ... 21t) 
Fig. 18. Lateral view of a specimen presenting the ordinary form. Carpenter's quarry, Be-

loit. 

Fig. 19. 

Fig. 20. 

M URCHISONIA GRACILIS- H"all? .•• o •• • ...... • • • • • •• • • • ••• o • • • • 217 
View of a specimen of the form usually referred to this spacies. 

MURCHlSONIA (EuNEMA?) PAGODA-Salter ..•••.•. •··•···•····· 218 
View of a specimen of the species as obtained by a gutta-percha cast in the nat-

ural mould. . · 

CLISOSPIRA OCCIDENTAUS - W, .....• • • · • • · · · · · · · • · · · · · · · · · · · · 22Z 
Fig. 21. Latera~ view, enlarged 1:$) two diameters, of a specimen from Carpenter's quar1·y, 

Belo1t. 
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PLEUROTOl\IARIA SUBCONICA - Hall .. • . . • • . • • • . . • . . • • • . . . . . . • • 216 
Fig. 1. Lateral view of a very perfect cast, from He_ss' quarry, near Beloit. 

RAP_HISTOMA NASONI- Hall ...........................•........ 215 
Fig. 2 and 3. Lateral and uppar views of a specimen showing the usual characters, Hess' 

quarry, Beloit. · 

RAPHISTOl\fA LENTICUI-'ARIS- Sowerby .......................... 214 
Fig. 4 and 5. Lateral and upper views of a cast, Hess' quarry, Beloit. 

'l'nocrrONEM:A BEAcrrr-W ..................................... 213 
Fig. 6. Lateral view of a large individual. Hill above railroad quarries, above Beloit. 

TnocHONE~IA BELOITENsrs- W ..............................• 212 
Fig. 7 and 8. Lateral and vertical views of au entire c:tst from Hess' quarry, Beloit. 

HYOLTTIIES BACONI- w ...................................... 225 
Fig. 9-11. Bat!k, front and lateral views of a specimen showing the form and remains of 

surface markings. 

BucANIA (TnEMANOTus ?) BuELL I- W ..••.•••.•••..•.•.•••••• 224 
Fig. 12 and 13. Dorsal and lateral views of a well preserved cast showing evidence of the 

dorsal slit. , 
14. View of a specimen preserving the impression of the exterior of the aperture, Hess' 

quarry, Beloit. · · 

BELLEltOPIION W ISCONSENSIS- W .•••.. • • . • • . . • • • . • • • . • • . . . • • 223 
Fig. 15 and 16. Dorsal and lateral views of a cast from below Carpenter's quarry, Beloit, 

showing the broad dorsal band. 

MACLUREA BrGSBYI- Hall .. .' ................................. 222 
Fig. 17 and 18. View of the flat side and front profile view of a cast .of large size. Below 

Carpenter's quarry, Beloit. 
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GYROCER~S DUPLICOSTATUM- W ....••......•.......•......... 235 
Fig. t. View of a specimen as obtained from a gutta-percha cast in the natural mould. 

Bristol, Dane county, Wis. 

CYHTOCERAS BREVICURVATD:\I- W ......... : . ..•••.....•.....• 234 
Fig. 2. Lateral view of a cast preserving some of the chambers. Hess' quarry, Beloit. 

0NCOCERAS MUMIAFORME- W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232 
Fig. 3 and 4. Inner and lateral views of a fragment preserving the outer chamber and sev-

eral other chambers. . 
5. View of another fragment showing the crowding of the septa near the upper end. 

0NCOCERAS PANDION- Hall ...... . 
Fig. 6. Lateral view of a specimen showing the surface line and the siphuncle. From. below 

. Carpenter's quarry. 

233 

CYRTOCERAS CAl\IURUM- Ha.ll ...........••...... · . . . . . . . . . . • • . 231 
Fig. 7 and 8. Lateral and dorsal views of a fragment, showing the form, size and rate of 

curvature. 
9. Diagram showing the. form of the section in the upper part of the specimen. 

CYRTOCERAS PLANODORSATUM- W ..... · · ...•... ·. · · · .... ·. · ·. 231 
Fig. 10 and 11. ' Lateral view of a fragment, and an outline of the section. 

12. View of the inner side of the same, showing the sinus in the margin. 

OwrHOCERAS ANNELI.Ul\I - Conrad . • • • • . • • • . • • • . • • • . • • • . . • • • • • • 226 
Fig. 13. View of a cas!; showing the general form and also the curvature of the tube. Hess' 

quarry. 

Fig. 14. 

Fig. 15. 

Fig. 16. 

0RTHOCERAS PLANOCONVEXD:\I- Hall ... · · ....... · . · · · .... • · · · . 228 
View of the flattened side of a specimen, which preser-ves also some of the cham-

bet'S. Hess' quarry, Beloit. 

ENDOCERAS (CAMEROCERAS) SUBANNULA'l'D:\1- W ·. · · · ... · · · · · · 230 
Lateral view of a specimen preservi::lg the outer chamber and several sept:l., also 

showing a part of the inner tube. Hess' quarry, Beloit. 
View of the edge of the lower end of the same, showing the relation of the inner 

tube to the outer, and to the septa. 
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0RTHOCERAS (ACTINOCERAS) BELOITENSE- W •••••.•••.•••..•. 226 
Fig. 1. View of a specimen preserving a part of the outer chamber, and several of the 

preceding ones, showing the gradual shortening of the chambers toward the upper 
part. Some fragments of the shell adhering have a smooth surface· 
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LINGULELLA ioWENSIB-Owen •• • •••••••••••••••• ••• • •• ...... 242 
' Fig. 1. View of a large specimen showing the general form of perfect individuals. The left 

side of the fi~ shows the condition of a cast, and on the right is represented a 
portion of the shell. 

FusrsPIRA VENTIUCOSA- Hall. • . • . • . • • • . . • . • • • .. • • • . . • • . . • • . . . • 245 
Fig. 2. Front view of a specimen from West Jefferson, Wisconsin, showing the form of the 

species. . 

FusrsPIRA ELONGATA- Hall . • . • • . . . . . . . • • . . . . . . . • . .. • . . . . . . . 245 
Fig. 8. View of a specimen from Whitewater, Wisconsin, showing the form of the volu­

tions, etc., but imperfect at both extremities. 

MURCHISONIA MAjoR or BELLICINCTA- Hall ... · .. · ..••......•• 244 
Fig. 4. Back view of a large individual from Pensaukee, Wisconsin, showing the general 

form of the shell. Many specimens increase more rapidly in size than does this 
one. 

MACLUREA CUNEATA ;..,_ Whitf •.. · ....•.......•..•••.••......•.. 246 
Fig. 5. View of the fiat side of a specimen from Whitewater, Wisconsin. 

6. Profile view of the same specimen. " 

MACLUREA SUBROTUNDA- Whit£ .•. , . • .. ................... • • 246 
Fig. 7. View of the fiat surface of a specimen from Whitewater, Wisconsin. 

8. Profile view of the specimen looking on the aperture. 

• 



.) 

8 



PLATE 10. 
PAGE. 

TRIPLES! A PlUMORDIALIS - w.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 
Fig. 1. View of the specimen described, being a cast of the dorsal valve in sandstone. Fig. 

enlarged to two diameters. 
2. Profile of the same specimen, showing the elevation of the fold. 

HoLOPEA SwEETr- W ..... , ...............••......••.•••.••• 174 
Fig. 3. Side view of one of the specimens used in description, natural size. From. Osceola 

Mills, Wisconsin. · 

DrKELLOCEPHALUS EATONI- W .............. ; ............... 192 
Fig. 4. View of a more perfect pygidium than the one originally used, showing two distinct 

rings on the axial and on the lateral lobes. 
5. Profile view of the same, showing the elevation of the middle of the plate. 

HALYSITES CATENULATUS-1 •.........•••..••••••....•••••• 241 
Fig. 6. View of a cast of thiS species, found in the Trenton limestone at Rockton, lllinois. 

· ~ECEPT ACUUTES Ow ENI- Hftll. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2~9 
Fig. 7. View of the upper surface of a fragment, showing the general characters. Galena 

limestone. . ' 

AsAPHUS SuslE- Calvin ...... : .............•••..•.......•..... 236 
Fig. 8. Profile vie~ of the specimen given on pl. 5, fig. 3. 

0RTHOCERAS (AC'l'INOCERAS) BELOITENSE- ·w ................. 226 
Fig. rl. View of a fragment, showing the cast of the siphuncle and the filling of the same, 

as also the thickenings of the septa. 
10. View of the end of the large specimen, pl. 8, showing the position of the siphuncle 

and the inner core or filling. . . · 

AGLASPIS EATON!- Whit£ .................... ·'· .............•. 192 
Fig. 11. View of the specimen, enlarged to three diameters, showing its general form and 

character. The right margin of the head and extremities of the three anterior 
rings are folded under on the specimen, and their outline restored in the figure. 
The tail, spine and smaller segments are somewhat displaced. . 

CnEPrCEPHATJus? Gm:Bsr- Whit£. ............................ ,. 184 
Fig. 12. View of a left cheek as obtained by gutta-percha in the natural mould. 

13. View of a pygidium. referred to the same, being found on the same block of sand­
stone .. 

DrKELLOCEPHALUS LODENsrs- Whjtf ...........•••••• 188 and 341 
Fig. 14. View of the right cheek mentioned in the description. 

HEMfPRONI'fES AMERICANUS- Whit£ .....•..• 
Fig. 15. Dorsal view of a perfect specimen from near Oshkosh, Wisconsin. 

Hi. Dorsal view sliowmg the valve slightly concave on the umbo. 
17. Cardinal view showing the area, deltidium and foramen .. 

243 
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. ALVEOLITES IRREGULARIS- W .. ~ ............ · ..•• • . • •• • • •• • • . 251 
Fig. 1 and 2. View of a fragment, natural size, and a portion enlarged to ten diameters, 

showing the form of cells and macculre. From Iron Ridge. 

Fig. 
MONT-ICULIPORA PUNCTATA- W ...........................•... 249 

3 and 4. View of a specimen, natural size, and a portion enlarged to five diameters. 
Delafield, .Wis. 

FJSTULIPO;RA LENS- w ........ ~ . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . 256 
.. ~g. 5 and 6. View of the ufper surface of a specimen1 natural size, and an enlargement 

to ten diameters o a portion. From Delafiela, Wis. · 

MoNTICULIPORA (?) On TONI -Nicholson .•...•.....•••......•.• 251 
Fig. 7 and 8. View of the upper side of a specimen, natural size, and ·an erilargement . 

to three diameters. Delafield, Wis. 

MONTICULIPORA MULTITUBERCULATA- W ... • • ..... · ..... •. • .. • • 250 
Fig. 9 and 10. View of a fragment1 natural size, and an enlargement of a portion to eight 

diameters. Delafield, WIS. 

MONTICULIPORA REOTANGULARIS- W ........ • ·. • ........ • ... •. 249 
Fig. 11 and 12. A fragment, natural size, and an enlargement to.eight diameters. Delafield, 

Wis. . 

CH1ETETES FUSIFOR!\US. :-- w ................................... 248 
Fig. 13 and 14. View of a specimen enlarged to two diameters and a section enlarged to ten 

diameters. Iron Ridge, Wis. 

TREMATOPORA ANNULIFERA- W ....................••........ ·. 254 
Fig. 15. View of a specimen enlarged three diameters. . 

16 and 17. View of another specimen enlarged to two diameters, and a portion enlarged 
to twelve diameters. Delafield, Wis. 

FrsTur,rPORA SOLIDISSIMA- W ....•..••.•••...•.••• ~ ••••.••..•• 255 
Fig. 18. View of a specimen, natural size. 

19. A section enlarged to eight diameters. Delafield, Wis. 

FISTULIPORA RUGOSA- w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255 
Fig. 20 and 21. Views 0f a specimen, natural size, and a section enlarged eight diameters. 

Delafield, Wis. . · 

TREMATOPORA GRANULATA- W ................. •. · · • ......... 253 
Fig. 22 and 23. A fragment, natural size, and a portion enlarged to ten diameters. Delafield, 

Wis. . 

S'l'ICTOPORA FRAGILIS- Billings sp..... .. . . . • .. .............. 253 
Fig. 24. An enlargement of a bifurcating fragment showing the arrangement of cells. The 

. outline above indicates the natura[ size. Delafield, Wis; 
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FEN ESTELLA GRANULOSA- w. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252 
Fig. 1. View of a frond enlarged to two diameters. 

2. A portion of the same greatly enlarged to show the cells and other features. Del-
afield, Wis. · 

CONSTELLARIAPOLYS'l'OJ\IELT,A- W .•••..••..•....•..•.. •••• .•. 257 
Fig. 3 and 4. View of a fragment of a frond, natural size, and an enlargement of a por-

tion to show the arrangements Qf parts. Delafield, Wis. 

~HTHIR ·rESTUDINARIA- Dalm .......••..•...••..••..••..••...• 258 
Fig. 5-7. Dorsal, ventral and profile views of a specil;nen of this species from Delafield, Wis. 

OnTHIS PECTINELLA- Conrad ... ; .•......•.•••..•.•.••..••..• : 259 
Fig. 8. Ventral view of a specimen of ordinary size from Delefield, Wis. 

STREPTORHYNCHUS CARD£NALE·- W .... : ........•... • ... · •...•. 261 
Fig. 9 and 10. Dorsal and profile yiews of a specimen from Delafield, Wis. 

STROPIIOMENA WJSCONSENSIS- w ....................... ' ..... 263 
Fig. 11 and 12. Dorsal and profile-views of a specimen of large size but of thegeneralform. 

13. View of a more abruptly cw·ved form, with mucronate hinge extremities. Dela­
field, Wis. 

STROPHOMENA UNICOSTATA --M. and W ..... • · ...•............ 262 
Fig. 14. View of the fiat valve of a specimen showing the single strong central rib. Dela-

field, Wis. . - : 

STROPIIOMENA KrNGI- W ..•...••.•••..•.. ., .•...•..••....•••• 261 
Fig. 15 and 16. Ventral and profile views of a specimen of the ordinary form. Delafield, 

Wis. 

0RTIIIS OCCIDEN'fALIS- Hall." .................................. 260 
Fig. 17 and 18. Views of the opposite sides of a ~arge ventral valve from Uelafield, Wis. 

RYNCHONELLA NEENAH- w ......................... ' ......... 265 
Fig. 19. Ventral view of a very narrow forni. 

~22. Dorsal, .front and lateral views of a specimen of ordinary form. Delafield, Wis. 

RHYNCHONELLA PEULAMELLOSA- W .•..••...• ,'. • . . . • • . . . . . . . . 265 
Fig. 23-25. D?rsal, ventral and profile views of a specimen of ordinary form from Delafield, 

W1s. · 

RrrYNCHONELLA CAP AX- Conrad. • • . . • • . • • • . . • • . • • • . • • • . • • • . • • • 263 
Fig. 26 and'.!'/. Dorsal and profile views of a large and very coarsely plicated specimen from 

Stockbridge, Wis. · 
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CERIONITES DACTILOIDES- Owen sp • • • • • • • • • • • • • • • • ••.••••••• 267 
View of the upper surface showing the cells with the minute pores in the center. 
Profile view sliowing the more crowded cells. 
Lower surface of the same specimen. 

RECEPTACULITES HEMISPHERICUS- Hall •••.•••.••••••••••••••• 269 
La~ral view of a specimen showing more than a hemispherical form. 

HALYSITES CATENULATUS- Lin ......................•..•••.•.. 271 
View of a specimen from Sturgeon Bay, showing the cells and intercellular spaces 

of a medmm size. . 
View of a specimen of the variety MrcROPORA from Bailey's Harbor, Wisconsin. 

(See page 272.) 
A speCimen of H. LABYRINTHICA Goldfuss, from Sturgeon Bay. (See page 272.) 

AsTROCERIUM VENUSTUM - Hall ..........•..... ~ ...........••• 
View of the upper surface of a weathered fragment from Rockland ledge, Wis. 
Enlargement of the surface as it appears under a lens. 
Enlarged vertical section showing pores and spines. 

270 
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ZAPHRmNTrs RAclNENsrs- W ....•...•.......•..•............ 277 
Fig. 1 and 2. Lateral and ba8a.l views of a cast of the cup, as they generally appear. 

Racine, Wis. . , 

CYA'l'HAXONIA vVrscONSINENSIS- Vv ....•••.•••.... -.........•. 267 
Fig. 3. Lateral view of a cast of the cup, showing the lamella which have filled the fossett 

on the right side below. Racine. 
4. Basal view of the same showing the cavity formed by the solid columella. 
5. Outline diagra,m of thE) parts as obtained from a gutta-percha cast, from the natural 

cast. · 

SYRINGOPOHA VEUTICILLA'l'A- Gold£ ....... - ....••• 272 
Fig. 6. Lateral view of a weathered specimen. Rockville, Wis. 

CYSTOSTVJ...US INI!'UNDIBUI...US- w ....... -..... 0 •••••••• : • •••••• 274 
Fig. 7o View of a specimen showing a vertical section of the tubes with bifurcations. 

, Racine. · · 

CYS'l'OSTYLUS TYPICUS- \V ....... o •••••• o ••••• o •• o ••• o ••• o • • • 274 
Fig. 8. Transverse section of a portion of a corallum a.S saen in the rock, showing the 

· cystose structure. :Many of the corallites occur of much larger size. 
9. Vertical section of the same piece as above, showing in the lower part near the center 

a bifurcation of corallite. 

0MPHYMA STOKES I- Ed. and H .... o ••• o ••••• o • o • o • • • • • • • • • • • 279 
Fig. 10o Oblique basal view of the cast of a· cup. 
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AMPLEXUS FENESTRATUS- w. . .............................. 278 
View of a specimen showing the cup with the margin partially removed. 
Interior view of the cup, showing tlie fossett. 
Lateral view of another individual, showing the apparent fenestrules of the surface. 

0MPHYMA- Sp. undet ...•. : . . . . . • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • 279 
·Basal view of a cast of the cup of a large individual. 

S·rnOMBODES PENTAGONUS- Gold£ ............................ 275 
View of the upper surface of a specimen of the usual form. A portion near the 

upper right hand corner shows the cystose structure of the interior. Red River, 
Kewaunee county, Wis. . 
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CARYOCRINUS ORNATUS- Say ....••••••.••••••••••••••••••••• ; •. 280 
Fig. 1. L~teral view of an internal cast of the ordinary form. 

2. Lateral view of one of a broad topped variety. 

GLYP'l'ASTEit occiDENTALIS- Hall ........•...•. ; .........•.••• 281 
Fig. 3. Basal view of a.Iarge cast showing the features of the species. From Racine. 

4. Lateral view of the same specimen .. 

EucALYPTOCRINUS co:.IMU'rus- Hall ..•••.......•••.•••........ 285 
Fig. 5. Lateral view of an internal cast. 

6. Basal view of the same. 
7. Exterior of the calyx as obtained from a gutta-percha cast in the natural mould. 

Copied from the 20th Rept. State Cab. N. Y. 
8. Outline diagram of the upper portion as obtained from a gutta-percha cast. 

GLYPTOCRINUS NOBIJJIS- Hall ......... ·. · ........... · ......... 28.) 
Fig. 9. Lateral view of a cast of the interior of medium size. 

10. Exterior of a body as obtained from a cast in the matrix. Copied from the 20th 
Report State Cab. N.Y. · · 

GLYPTOCRINUS ARMOSUS -1\fcChesney •••••..•..••..••...• · ••• 284 
Fig. 11. Lateral view of a small individual cast;.. showing the downward bending of the tube, 

instead of an upward curving as in «r. nobilis. 
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SPIRIFERA RADIATA- Sowerby · .••....•..••.•••.•••.•••.••.•••• 287 
Fig. 1 and 2. Dorsal and cardinal views of a cast of the species, from Racine. 

PENTAMERUS BIBINUATUS -·~c0hesney ... · .....•........•..... 290 
Fig. 8. Dorsal view of a medium sized specimen of the species, showing the single process 

of the dorsal valve. . 

PENTAMERUS OBLONG US- Sowerby ....•...........•..••..•...•. 288 
Fig. 4. Profile view of a la~ specimen from Elmore, Wisconsin. 

6. Dorsal view of a smaller specimen, narrow above. 
6. Cardinal view of the last mentioned specimen. 
7. Dorsal view of a cast in white chert from Port de Morts, Wisconsin. 
8 and 9. Two views of a peculiarly formed variety abundant at Ashford, in the Upper 

Coral beds~ 

PENTAMERUS OCCIDENTALIS- Hall .• · · · · · · ..... ·. ·... 314 
Fig. 10. Profile of a specimen from the Niagara beds, Wisconsin, showing the great 

gibbosity of the shell. 

PENTAMERUS VENTRICOSUS- Hall •.......•..... · · · ..... · · · .... 291 
Fig. 11-13. Dorsal profile and front views of a specimen from Pewaukee, Wisconsin, 

showing a less extension of the front and elevation of the fold than is usual at 
other localities. 
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LEPTODOMUS UNDULATUB- w. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 293 . 
View of a. right valve of the species. 
Anterior profile sh6wingthe convexity. 

. LEPTODOMUB NEGLECTUS- McChesney's sp. , .••• , , •• , ••• ~ •••.••• 292 
View of a. right valve, showing the surface strire on portions. · 
Anterior profile of the same individual. 

EuoMPHALus MACROLINEATUS- W ......................•..... 294 
View of a specimen preserving the inner volutions only, as obtained .by a. gutta­

percha impression. 
View of another fragment showing part of the outer volution, a.lso obtained from 

an impression. 

PLEUROTOMARIA RACINENSIS- W . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296 
Fig. 7 and 8. View of the aperture and summit view of a. specimen of the species. 

PLEUROTOMARIA. LAPHAMI- W .......................... , ..... 296 
Fig. 9. Lateral view of a cast of the species. Others have been noticed of much larger 

size. 

RAPHISTOMA NIAGAR;ENSIS- w ............................... 295 
Fig. 10. View of the aperture of the type. 

11 and 12. Summit and basal views of the:sa.me specimen. 
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0RTHOCERAS ANNULATUU- Sow ••••••••• · ••••••••••••••••••••• 298 
VIew of a fragment of a medium sized Individual, showing the general form and 

portions of the shell. Wauwatosa.. .. . . 

0RT:O:OCERAB W AUWATOSENBE- W ..••.•••.• • • ••• · • ·• • •. • • • • • • • 297 
View of a fragment preserving the shell, and surface features, also showing the 

. conyexity .of the septa.. . 

P:o:RAGMOCERAB NESTOR- Hall . • • • . • • . • • • • . • • • . • • • •••.••••••• 801 
Fig. 8. Lateral view of a compressed specimen,,showlng the general form. Waukesha. 

P:o:RAG MOCERAS HoYI - W . . • . . • • • . • • • . • • • • • • • • • • • • • • • • • • • • • • • 800 
Fig. 4. Lateral view of the specimen used in description. 

5. Inner profile view showing the thickness of the speclinen. Near Wauwatosa. 

.. 
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PHRAGMOCERAS J. .. ABIATUM ~ W ...•.•••.••• 
Fig. 1. Lateral view of the outer chamber, showing the 'junction of the lip with the body 

portion. 
2. View of the summit of the same, showing the lobation of the aperture. 

302 

PHRAGMOCERAS Hon, V<tr. COMPRESSUM- W ..... ~ .....•••..... 301 
Fig. 3. Lateral view of the specimen described. 

CYRTOCERAS INFUNDIBULUM- W . ....................... , ..... 300 
Fig. 4 and 5. Dorsal and ventral views of the specimen described, showing the expansion 

and curvature of the shell, and the surface marking. 

DISCOCERAS CONOIDES- Hall ................................... 299 
Fig. 6. View of a Gomphoceras-like cephalopod containing the D. conoides within in the 

position of a siphuncle. 

LITUI'l'ES 1\IULTICOSTATUS- w ................................. 303 
Fig. 7. View of the specimen described. 

lLLJENUS MADISONIANUS- W ................................. 307 
Fig. 8. Dorsal view of one of the larger individuals, showing the general form and propor­

tions. 
9. Lateral view of the same, showing the elevation. 

lLL1ENUS PTEROCE_PHALUS- W .............. • ................. 309 
Fig. 10. Front view of the head, showing the wing· like movable cheeks. 

11. Upper view of the same, showin~ the cheeks very short and compressed. 
12. Profile view, showing the rotundity and elevation of the head. 

) 
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SPHlEREXOCHUS RoMrNGERI- Hall ..•••••••••••••.••••.•••..•• 821 
Fig. 1 and 2. Dorsal and profile views of a specimen, preserving the glabella and fixed 

cheeks. 
8. Front view of the same, showing the" downward bending of the frontal margin. 

Racine. . 

ILL..:ENUS IMPERATOR- Hall ............. · . . .. . .. .. • .... • ... · . 806 
Fig. 4. View of a small head denuded of the fixed cheeks. 

5. A pygidium of a smaller individual. Both specimens are from Burlington, Wis. 

· ILL&Nus INSIGNia- Hall ...................•••.• · ...•.•.•••.••• 805 
Fig. 6. Upper view of a large head, showing the prominent eyes. 

7. Proflle view of the same, showing tlie great elevation. 
8. Upper view of a small pygidium. 
9 and 10. Up~r and profile views of a large pygidium associated in the same block 

with the head. The specimens are from Wauwatosa, Wis. 

lLL&Nus Ioxus-Hall. ......•..........•..•....•.......•...•. SOl 
Flg. 11 and 12. Front and profile views of a specimen somewhat above the medium size. 

Fig. 11 shows, be1ow the base, the depression of the under infolded border of the 
head. Wauwatosa. 

. ·'*' 
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BRONTEUS LAPHAM! • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • .•••.••• 310 
Fig. 1. A fragment of a glabella, representing only the middle of the head. · 

2. View of a small pygidium, showing the posteri01; margin entire, but imperfect at the 
upper lateral angles. · 

3. View of a large imperfect pygidium, preserving the entire upper portion'of the shield; 
the lower part restvred from other specimens. ' 

4. Outline profile of the specimen, fig. 3. 
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' PENTAMERUS OCCIDENTAL IS'- Hall ..••.•••.•••..••...•.•••..••. 314, 
Fig. 1 and 2. Ventral and profile views of a Vfmtral valve from the Mayville beds at Williams-

town, Wis., showing the strongly plica ted surface. , 

Fig. 
8TRICKLANDINIA MULTIURATA- W .. ,, .....................• 315 

8 and 4. Ventral and cardinal views of an internal cast retaining both valves, the dorsal 
slightly pushed backward from its true position. The latter view shows the cavities 
of the processes of the dorsal and that of the spoon-shaped process of the ventral 
valve. ~ 

·5. View of a dorsal valve showing in4ications of the muscular imprints. 

FA VOSITES OCCIDENS ·~ w .. ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313 
Fig. 6. Lateral view of a' specimen showing transverse di~phragms. 

7. View looking upon the surface, and showing the two forms of cells. The figure is of 
a part of a larger specimen from Ozaukee, Wis. 

AMPLEXUS ANNULATUS- w ................................... 314 
Fig. 8 and 9. Lateral and summit view of a fragment of the species, showing the annula­

tions in one and the size of the diaphragm in the other. 
10. Longitudinal section of a fragment show~ the diaphragms. 
11. View of the exterior of a small, regularly "annulated specimen, as obtained by a 

gutta-percha cast in a natural mould, left by the removal of the fossils by decay. 
Carlton. 
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LOXONEMA MAGNA- w ...................... 0 oooo•o 00 oo OooOO 0 0 317 
Fig. 1. View of the specimen described. 

HOLOPEA }.IAGNIVENTRA- w 0. 0 0 •• 0 0 00 0. oo 0 0 •• 0 0 00 0 0 00 0 0 •• 0 0 0 316 
Fig. 2 and 3. Lateral and basal views of a specimen showing the gener~l form. 

MuRCHISONIA CHAMBERLIN!- W ................... o : .. ... o •• 317 
Fig. 4. Lateral view of a specimen as obtained from a plaster cast made in the natural 

mould in the rock. 

0RTHOCERAS CARLTONF.NSIS - w ........................... 0 • • 318 
Fig. 5. View of a small specimen showing the distant flutings, and the lines marking the 

septa. 

Fig. 

CYRTOCERAS RECTUM- W. o o •••••••• •o o o o. o o ••••••• o •••• o. o •• 319 
6 and 7. View of the inner side and a profile view of a specimen. The latter figure 

shows the curvature of the shell. 
8. Outline figure of the section at the point of greatest diameter, where the sides are 

nearly regularly and less angular than below. 
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0RTHIS OBLATA- Hall .•••••••.••••••••••••••••••••••••••••••• 320 
View of a ventral valve, natural size, obtained by gutta-percha iinpression in the 

natural mould. 
View of a dorsal valve, obtained in tlte same manner as fig. 1. 

OR THIS SUBCARIN ATA -Hall. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 820 
Cast of a ventral valve, twice enlarged. 
View of a dorsal valve, twice enlarged, from gutta-percha cast. 

MERISTELLA NUCLEOLATA -Hall • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • 321 
View of a ventral valve, from a gutta-percha. cast. 

PTERINEA A vrcuLOIDEA- Hall ••••••••••••••••••••••••••••• .". • 822 
Fig. 6 and 7. Views of a left and right valve of specimens of medium obilquity among those 

in the collection. 

LEPERDITIA ALTA- Conrad. • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • 323 
Fig. 8. View of a left valve, twice enlarged. . 

9. View of a small block containing many worn specimens. 

LINGULA PAL2EAFORMIS- Hall •••••••••••.•••••••••••••••••••••• 324 
Fig. 10. View of a dorsal' with part of the ventral valve. 

DrscrNA MARGINALIS- Whitf .............. ; •••••••••••••••••• 325 
Fig. 11. View of ventral valve, the shell partly removed, showing dorsal valve beneath. 

STROPHODONTA INEQUISTR;IATA- Conrad.. • • • • • • • • • . • • • • • •••• 

Strophodonta ~nequistriata (Con.). Hall;. Pal. N. Y. Vol. IV, p. 106, pl. 18, fig. 2. 
Fig. 12. View of .an internal cast of this species; natural size. 

QRTHIS r~rPRESSA -Hall • • . • . • . • • • . • • • . • • • • • • • • • • • • • • • • • • • • • • • 326 
Fig. 13. View of a cast of a ventral valve showing the muscular imprint. 

14. Cast of a large'dorsal valve. · 
15. Cardinal view of a still larger internal cast, showing the convexity of the dorsal 

valve. 

CHONETES CO RON ATA -Conrad sp .•.• • • . • • • . • • • • • • • . • • • . • • • • • • • 327 
Fig. 16. View of the imperfect impression, as obtained by a gutta-percha cast in the natural 

mould. · 

CHONETES DEFLECT A- Hall •••••••••••••••••••••••.••••••.••• .' 

Ohonetes deflecta-Hall; Pal. N.Y. Vol. IV, p. 126, pl. 21, figs. 7 and 8. 
Fig. 17. Cast of a dorsal valve, twice enlarged, showing the features of· this species. 

STROPHODONTA DEMISSA -Conrad sp ........................... 327 
Fig. 18. Impression of a dorsal valve, showing the characteristic *ire. 

CYRTINA HA~ULTONENSIS, var. recta-Hall •••••••••••••••••••• 

Cyrtina Hamiltonensis, var. recta- Hall; Pal. N.Y. Vol. IV, p. 268, pl. 44, 
figs. 34-37. 

Fig. 19-21. Dorsal, ventral and cardinal views of an: internal cast of a specimen of this variety, 
twice enlarged. · 

SPIRIFER EURUTINES, var. FORNACULA-Hall. •••••••••••••••••• 330 
Fig. 22. View of the dorsal valve referred to this species. 

\ 

SPIRIFERIN A? ZICZAC- Hall sp • • • • . • • • • • • • • • • • • •. • • • • • • • • • • • • • • 332 . 
Fig. 23 and 24. Views of a dorsal and ventral valve of this species. 

SPIRIFERA AUDACULA- Conrad. • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • 329 
Fig. 25. View of a dorsal valve of the ordinary form, as seen among .the New York speci-

mens. · 
26. View of a smaller and more elongate dorsal valve, quite common among the New 

York spec~ens. · . 

RPIRIFERA MUCRON ATA - Conrad • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 328 
Fig. CZ'i. An imperfect dorsal valve of the shorter form. 

28. View of a ventral valve of the more extended form. Both forms are common in 
New York. The former in the soft shales and the other in the arenaceous beds of 
Eastern New York. · 
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Si>IRIFERA (CYRTINA) ASPERA- Hall.......... • •••••• 331 
View of the front of the ventral valve of an internal cast. 
Cardinal view of the same specimen. 

SPrRIFERA ANGUSTA- HalL ••••••••••••••••••••••••••••••••••• 329 
View of an imperfect ventral valve of this species. 

SPIRIFER~ PENNATAS- Owen ..•••.••••••••••••.••••••••••••••• 330 
View of a ventral valve, slightly restored on the front margin. 

ATRYPA· HYSTRIX- Hall •••••••••••••••••••.••••••••••••••••••• 333 
View of a ventral valve as obtained by a gutta-percha cast. 

ATRYPA RETICULARrs- Linn •••••••••••••••••••••••••••••••••• S33 
Fig. 6. View of a dorsal valve. 

ATH.YPA SPINOSA- Hall ....•...•••..•.•••.........•••.••••••• 333 
Fig. 7 and 8. Views of a dorsal. and ventral valve referred to this species. 

LEIORHYNCHUS KELLOGGr-Hall ............................... 334 
Fig. 9. View of a dorsal valve of this species. 

MODIOMORPHA OONCENTRIOA- Con. sp ••••••••••••••••.•••••• • 335 
Fig. 10. View of a left valve of a small sized specimen. 

PAT,AJ:ANEILO EUARGINATA -Con. sp •.•••• · ..................... S37 
Fig. 11. · View showing the impression of a right valve in the rock. 

p ALiEANEILO NUCULIFOUMIS - Stevens ..••.•• • •.•••••••••••• ·• • • 336 
Fig. 12. A cast of the right valve showing the form, 'and also the teeth on pJl.rt of the hinge. 

PALAl:ANEILO CONSTRICTA- Con. Sp ............................ 335 
Fig. 13 and 14. A left valve of the elongate form and a right one of the shorter form, both 

common, in New York. 

GOMPHOCERAS BREVIPOSTICUM- Whit£ ...•..••.••••.••.••••••• 339 
Fig. 15. V~ew of the specimen described, showing the septa in the lower J?art, and indica­

tions of the siphuncle. The sinus of the lip is seen on the right s1de of the figure. 

GOMPHOCERAS FUSIFORME- Whit£.. . . . . . . . . . . . . . . . . . . . . . . . . . • 338 
Fig. 16. View of a specimen showing the general form, and indications of septa, also the 

sinus in the lip. 

PHACOPS RANA- Green ••••••••••••••••••••••••••••••••••••••• 339 
Fig. 17. View of an internal cast of a head of the species. 

18. View of the thorax and py~idium 
19. View of a separated pygid1um. 
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LINGULA ELDERI- Whit£ •..•..•..••...••.•••.•.•.•...••..••• 345 
Vi~~~. the exterior of a dorsal valve, from a gutta-percha cast in the natural 

Prorue view of a cast retaining both valves. 
Dorsal view of a cast, natural size. • . 
Enlargement of the same. a, a, anterior adductor muscular scars; . d, scar of divar­

icator muscle; ad, adjustor muscle scars; ad, posterior adductor muscle scars; 
E~a!:"~:s otl;i!!.a;. sinuses. 1, inner ramifications or branches of same; 2, posterior 

Ventral side of a c~tst enlarged; ca, scars of central adjustor muscles; pJ ad, and aa, 
posterior adjustl>rs and anterior adductors combined; ·pa, posterior aaductors and 
external adJustors combined; d, position of divarfcator muscle. 

LINGULELLA STONEANA-n. sp •••••••.••••••••••••••••••••••• 344 
Fig. 6, View of a specimen, natural size. 

7. The same eDlarged. 

DINOBOLUS PARVUS-n. sp •••••• ~ ............................. 347 
Fig. 8. Dorsal side of the specimen described. 

9. Ventral side. : 
10. Prome view, enlarged, showing the bending upward of the cardinal process. 

HoLOPEA OBESA- n. sp . • • • . • • • • • • • . • • • . • • • • • • . • • • • • • . . • • • . • • • 348 
Fig. 11. Back view of the specimen, natural size, but somewhat restored on the surface. 

DIKELLOCEPHALUS LoDENSIS- Whit£. :. . . . . . . . . . . . . . . . 188 and 341 
Fig. 12. View of a specimen preserving the left cheek, the thorax and pygidium nearly in 

position. · 
18. View of a glabella and fixed cheeks, presumed to be of the same species. 

DIKELLOCEP~ALUS CRASSIMARGINATUS- n. sp •••••• , •••• , •• , • • • 344 
Fig. 14. View of a left movable cheek of this species. 
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